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INTRODUCTION 
The bas i c  ob j ec t ive in the de si gn o f  subsurface 
drainac:e systems i s  t o  determine tr.e mo st e conomi cal 
plac cme,1.t of  drai.n lines which wi ll enabl e cont ro1  of  
the vrat er  table so that opt imum c rop  growth is  pe rmttte d .  
One vay thi s goal can be achieve d i s  to place drain line s  
at a de pth and spac ing that wi ll not allow the wate r table 
to ri se  above a given e levat ion during the growing season . 
For example ,  the Bure au o f  Reclamati on ,  in e �tabli shing 
de s.i.g1:1 crit e ria for  the propo sed Oahe Uni t irrigation 
pro j e ct in c ent ral and northe ast e rn South Dakota ,  stat e  cl 
that ·i:;he rJa-� e x· table shoul d no rmally be  nore than thre e 
feet below the so il  surfac e ( Unit e d  Stat e s  De�artment 
of the Int e rior , 1 96 5 ) .  The Bureau e st imat e c:t that dra, _j_n · 
line s plac e d  nine feet de e p  and 790 fe et  apart would mo st 
e c onomi cally meet the thre e foot design cri t e ria fo r 
average Oahe Unit soil  condit ions . The installat i on of 
these  drain line s require s the construction of open 
trenche s ,  a method that has be en use d for centurie s .  
Howeve r ,  during the p st t en years there have been 
signi fi cant ad· ran.c e s  in drainage techno logy . Plast i c  
drain tubing has become ve ry popular because o f  i t s  
light we ight an.d flexibiJ.ity Al so " plow-in"  techniques 
:fo r inst allat ion of plast i c  drain tubing have been  
2 
s ix 
( r.;.c� ;)0 S s ilJ1e  nay t o  ut i l i ze t}1e  t pl.ow in" 
· qu:� �0r e:.c.t fo r the :i.nstallat i on of  su, Purfac e  drainage 
plcst i c  tub ing) drain line s . 
of  de e })  an l sho.1J.. ow  clr2�:t n l j_ne s on an alt e rnat in6 bo,s ·; s 
j .. s c&.L .l. .� d bi-l e vel  clra:�n� �c ( DsBc e r  and. Chu , 1 97 2 ) 
Ih -J 1:-, -re l cl :ca.i.n,J.g(J ,.;y st ern.s mE .y be mo re e c o:aomj_ cal 
be fore an e c .--;not: :i. c fe e,sibi li  ty sttldy c an be l ... ·c.cle rtaken � 
0 f  the v·:2,t e :c tabl e unde r  bi-1. evc l c1rainage c ondi t :i. on.: .! .. 
3 
which pre dic t s  the movement o f  the point of  maximum 
vmt e r  table  e levat i on unde r  bi•-leve l drainage con­
dit i ons . The primary purpo se  o f  thi s study i s  t o  evalu­
ate the val i dity of  thi s bi-level the ory wi th a vi s cous­
flow analo g o  Vi s c ous-flow analogs have be en used b y  many 
inve stigat;ors in the past t o  evaluate analytical 
solutions to drainage problems ( Be ar ,  1 972 ) . 
SOiii SURFACE 
SHALLOW DRAIN LINE 
� DEEP DRA·rn LINE 
IMPERMF/i.BLE LAYER 
FigU1·e l .  Illu� trc1.tio11 of the Bl lt:v · l DI·uinage C oncE:-pt 
4 
OBJECTIVE S 
The ob j ect ives of  this study are : 
1 .  De sign and c onstruct a vi s c ous-flow analog  
for  labo ratory and clas sroom use , 
2 .  Te vt the reliabi lity of  exi sting bi-level 
drainage the ory vii th the analog,  and 
3 .  Provi dG de sign. dat a for use in the s olut ion 
o f  bi-leve l drainage probl ems . 
5 
The bi -level drainage the o ry will  be graphi cally 
pre se�1t e d  for de sign purpose s provide d the the ory is shovm 
t o  be re l j.ablc . If  it  i s  det e rmined that the· the o ry 
fail s  t o  prc c.i ct  t_ e anaJ..og dat a �  then the an8.1 og data  
will be  pre sent e d  in  a graphi cal form for  use in  desi gn .  
fnc-t orfJ 
L2.c y c ont :c::i..bnt i ons hq--.10 1 c e r.c made to tho 
wa:L c :c int o sub surfac e u.r2.ins . 
t i on o f  c evo ral parnhle t e rs 1966 � 41 5 )  ' }l_;__ C. J. o..re 
stat e d  as folloTTs : 
1 .  Hy d rs.u.1 j_ c e o i1 -:luct ivit , r  c f  t};..e so:•. l . The hor:i. •-
z o r-.t al and v c r c i c c;,1,l pe r.:_"1e '1bi 1 .·. ty  o f  +he s everal 
s o j_ J_ ho ri zors , 
the · surfa c e  2-.r..d the c1ra:i.n l o c at i on TL th .ce s:92 c t  
plast i c  drain tubing , 
4 .  Drain spacing . The hori zontal di stance betv;een 
indivi dual drain line s ,  
5 ., Drain di ameter. The di ame ·t e r  o f  the drain 
tube s ,  a.nd 
6 .  D i  tribut i on of  potent ial at the flo v bo1-md­
ari c s . The configurat i on a.nd location of the 
fre e W' ,t e r  surface , and the pre senc e and m.ag­
ni tude o f  art e sian p es sure or back pre s sure in 
the drain. 
Generally the re sponse of flow to the p�eviously 
. li st e d  ..._Jara:rne t e rs may be su.rn 1ariz e d  as follows : 
1 .  Drain inflo 1 i s  dire ct ly proportional t o  hy­
draulic conductivity in homogeneous s oils 
( Schwab , 1966 : 420 ) 
2 .  I f  laye 1 s  of  low permeabili ty- are not enc oun­
t e re d ,  the effe ctivenes s o f  tile  will increase 
nearly proporti onal to  :i..n<.: 1·c�ase d de pth { S ehwab , 
1 9 6 6 : 420 ) . I f  laye rs of l ow pe rme ability are 
encount ere d ,  flow de cre ase s as the distanc e 
f'rora the low pe rmeable laye r de cre aa e s  ( Luthin , 
1966 : 186 ) . 
3 "  As the number of dr2�i.n o penings i s  incre as e d  
the �elat ive incre ase i n  flow e cre ace s  
( Luthin , 1966 : 187 ) " 
7 
4 .  The flow  rat e int o  a drain is  independent o f  
spacing but a fi eld  will b e  draine d i n  one ­
half the t ime if tvri c e  the nun1ber of drain 
lin e � are pre s ent ( Luthin , 1966 : 18 6 ) .  
5 .  '.i:he diameter  of the drain apparent ly has 
little e ffe ct on the flow rat e ( Luthin , 1 96 6 : 
1 86 ) . 
8 
The vi scous-flow analog ( He J. e-Shavv analog,  narallel­
plat e analog )  i s  a devic e that has been use d  to study 
the e ffe ct s o f  the parameters affe cting ground wate r 
fl ow for m2.ny different drainage situat i ons . It s use 
i s  b�s c d  on the simi lari ty betwe en Darcy ' s  law 
q = 1(-i �_i.. { l ) 
whe re q = velocity flux ( flow per  unit area )  ( L3 /L 2T ) , 
K = hydrauli c  conductivity ( L/T ) and 
i = hydrauli c  gradient ( L/L ) , 
and 
q = ( -b2 o/12?) d ( z  + P/o ) /dx 
whe re 2 -b o/1 2f = analog conductivity ( L/T ) , 
d ( z + P/� ) /d.x = hydrauli c gradi ent ( L/L ) . 
Equat i on 2 c ome s from the iiavier-Stoke s e quations 
modi fi e d  fo r vi scous , incompre ssible flo� betwe en two 
ve rt i cal �a �allel plat e s . The complet e deve lopment 
from the �e -i e r-Stokc s e quat i ons i s  given by Bear 
( 1 972 · 6 90-693 ) 0 
( 2 ) 
A ·v i.s c ous  l i q_-o.i d ( o r :� evc ral 
j_ r;m1i s c i  blc 1 -i_ q u j_ 0 .  2 j a1lo ·, ;c d to  .:.·10 ·:1 in th e narrov, 
The re gi on o f  flow i s  bounde d 
i Jve rvi o1.:.s ;) ounu:iri e �. of tLc flow :r1::, gi on in tl1e  prototy_ o .  
No�-�omo cenou s hyir2uli c  cu�tuct�vi ty in t c flan reg · on 
the suri ac c fo r one o f  the nlat c s . 0 -tre ainline s may be 
ob serve d by addtr1 g dy e to  the mov:Lng · flv.i c1 at v2.ri ous 
The vi s c o c ity of  the fluids  11e e d  in �:.. vi sc o11s-flow 
rooD \?:Ci e rc -Lhe t c�;:n)C l"2-ture cc..:..'1 be he ld cons an.t . 
· b c:a rvnt i on of 
A ,:-, t i ll  
o r  movi e t.,r -p e  c ar.w ra i s  o ft Gn u8ecl to rtc c o rd the 
no s i -t · o:n..s of the in~·_, e r . ac c .  
The vi ::..\ C OTJ- fl o r, �;i:nal o g  i s  l imi t e d  to the s · 1� ·u6y o f  
t v o - ·, :i.  .. 1 cns .i o nal fl o w  s i tua:t i )ns i n  -the v e rt i c al 1_Jl an ., 
nc gle c t e cJ. o  
S i nce th ·:) vis c m.,1. _s - -flow anal o ;,;" i s  s e d t o  simul at e 
p ·  .. o t o type u i  tv.nti onD , s c aling fa , t o r s  rnust  b e  u e d . 
B e ar ( 1 9 5 0 ) anct Homma CL 9 6 8 ) ,-;::.. v·e detai l e d  d e ve l o pment 
o f  -tho 2e s c 2,ling :fac t o rs i: �-'he s c a1 j_ nf� fe.c t o rs n e rt j_nerc 
vhe re 
'.lL ..c ::cc 
-c; -:1 / 
/...1.... -r-
V I' l.i 1') ·-- .iJ ......,. .t; 
a -· sub s c :d. :pt 
p -- sub r:- c rj :Yt 
b = -the 
/ ( r- ) .,, .: .. :r1'ln 
:ce fe ITlJ1 g  
re f o rri l:.g 
to analog ,  
to  :pro -t otypo , 
= c onduct ivi ty s c ale , ( 4 )  
r�� - the t.:ineE1at i c  Vi E� C o s i  t :v- o f  the a.ri.o.,l o g  flui d 1 
2 c 3,J.e . 
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Chauhan ( 1 967 ) conducte d  a simi lar study to inve s­
t i gat e the transi ent soluti ons for drainage of  sloping 
land s sugge st e d  by Bousine sq ' s  eq_uation . The re sult s 
c o ll e c t e d  from the vi scous-flow analog were compare d to  
the analyt i c al re sult s �  It  was c oncl1.::.de d that the analog  
re sult s vrn re more ac curat e than the analyti cal solution .  
Further inve st igati ons o f  dit ch drainage ut ili zing 
a vi sc ous-fl ow  analog  v.rore c onduct e ·d by Ro che ster and 
Kri z ( 1968 ) � .  The ir study was c onducted  primarily t o  
det e rmine the e ffe ct o f  the impermeable layer depth on 
the �1 o v to the dit che s .  They c onclude d that : 
1 .  The critical de pth of  an irnpermea-lJle  laye r 
belovv o pen di t chc s i s  e qual to  one --twelfth 
the . drain spacing. 
2 .  The initial fre e surface  he ight do e s  not affe ct  
the cri t i c al de pth o f  the impermeable laye r • . 
3 .  Variati on in the hydrauli c conductivi ty doe s  
not affe ct the dimensi onle ss  re sults . 
Ro che st e r  and Kriz ( 1970 � c ont inue d the ir  inve s­
t i gati on o f  dit ch drainage by studying the flow in 
an. ani sotropi c non-homogeneous me dia .  In lJhi s second 
study they arrive d at the follo�ing conclusions : 
l e For a homogene ous i so tropi c s o i l ,  the criti cal 
deptl1 t �  the impermeable layer i s  · one-ninth th e 
,pacing . 
13  
2 e For a two-laye re d i sotro�i c system (K1 = 
c onduct ivity  o:f upper  layer 1 K
2 
= conductivity 
o f  l ower laye r )  and di t che s not pene trat ing the 




betwe en 0 . 5 and 1 . 0 ,  a 
conse rvat ive c ri ti cal de pth remains one-ninth 
the spac ing . 
3 .  For a homo geneous ani s o t ropi c  s oil , the cri tical 
deiJ-th , d = ( S/9 ) (K /K ) "':-F whe re , K = ho ri z ontal C Z X X 
conduct ivi t y  and K = vert i cal conductivity . z 
4 .  For a two laye re d ani satro pi c soil ( dit ches no"t 
penet rat ing the se c ond laye r. ) � a c ons e rvative 
cri t i c8.,l depth is de = a + ( S/9 - a(K /Y . )
2 ) � xl zl 
(r /.,... ' 2 h d ' b  .C> f' . t 1 �� ? � ._ 2 ; ✓ w . e re a =  e p� - o i irs aye r  • .u c.... )' •• 
Maasland and Sher:7 ( 196 7 )  c onducte d a study \Vi th the 
ai d of · a  .vi scous-flow analog to det e rmine the e ffect  of  
the imperme able layer on the wat er  table drawdovm over 
a t i le  drain system � They also c ompare d the re sult s with 
that :9redi cte d. by Glover ' s  e quat ion .  Glover ' s  equation 
i s  use d by the Bureau of Re c lamation to dete rmine drain 
spacings . From the inve stigatio n they c on�luded  that : 
1 o Glove rs ' s · equat i on over-estimat e s  the drav✓dovm 
rate of the wat er table betwe en paralle l drains . 
2 v  The over-e st imatio n  increases as the spacing 
betne en th� t ile drains de�reases  ( ke e ping all 
o ther  dimensi ons constant ) .  
2 8 4 2 7 1  
,.,OUTH DAKOTA STATE UNIVERSITY LIBRARY 
3 . The Du:pui t-l�orchhe imer as sum_, t i ons are vali d  
for approxj mat e s olutions o f  flow bet  e en tile 
dre · ns who r e  the depth o f  the �quifer  i s  small 
c omJare d t o  the spacing o f  the drains ( the  
rat i o  o f  aquifer  depth t o  drain line s pacing 
1-Jhould 110 -t e�ce e d  pproximat e ly 0 . 1 ) . 
Re cent l r Awan and O ' Donne l (1972 ) conduct e d  a 
rather ext ensiv e study o f  the movi�g wat e r  t able in 
tile-C:rainc cl soils . They  c ompare d experimental dat a 
obt ino a. from a vi sc ous-flo w anal o o:  with eve ral 
14 
nume ri cal a11cl analyt i c al e quations. The ir  results  shmve d 
that the rece ssion of  wat e r  t able i s  not affe ct e d  by- the 
impe :cmcs.bl e laye r vrhen the layer i s  great er  than one­
eighth the spacj_ng be low the drains . Study o f  the e ffe ct 
of  drain s i z e  on wat e r  t able rece s s i on showe d that the rat � 
o f  rec e s si on increases ve ry littl e with an incre ase  in 
the r2tio  o f  outlet radius to  the outlet  he i ght above a 
value o f  O .  01 4 5  o The out let he i ght ·was he ld  c onstant 
at 13 c ent i1�1e t e rs during the expe riment . The s e  analog  
re sult s a�rc e d  well  wi th some o f  the analyt i cal solut i ons . 
Awru.1 ru1d O Donrie l al so  studi e d  the ri sing vyat er 
table . Re sult s shov.,ed that the rat e of ri se inc re as e s  
vd. th incr ', asing R/1{ ( re char[.,s/conductivity ) , but at a 
de c reasing rat e . The impe rme able laye r di d no t e..ffe ct 
the behavi o ->- of  the ri sing wat e r  table v hen the rat i o  
of  outlet  e levation to drainline spacing is  great e r  
than or  e q�ul t o  0 . 1 23 .  
1 5  
1 6  
BI-LEVI:L DRAINAGE THEORY 
DeBoe r anct Chu ( 1972 ) derived analyt i c al e quat ions 
for use  i n  the solut ion of st eady state  and falling v,a-t e r  
t abl e bi-level draj nage problem s . The i r  deve lopment began 
with a di ffe rent i al equat ion gove rning one-dimensional 
hori zont al grou_nd wat er flow : 
where 
Kd ( ydy/dx ) /dx + R = 0 ( 6 )  
K = hydrauli c  conductivity ( L/T ) , 
y = elevat ion of the wat e r  table ( L ) , 
x = hori zont al di stanc e  between the drains ( L ) , 
R - steady st at e  re charge rate ( L/T ) . 
Fi gure 2 i l lustrat e s  the se  t e rms.  Ji:quation 6 i s  bas e d  on 
the Dupuit-Forchheimer ( D-F ) assumptions whi ch stat e  that : 
1 .  All flow i s  hori zontal and ,  
2 .  The velo c ity of flow i s  proport ional to the slope 
o f  the wat e r  table and i s  uniform in the verti cal 
plane . 
The D-F as�wnptions are valid  when the length o f  the flow 
region i s  much _ great e r  then the depth . Also the use  of a 
constan K assumes that a homogeneous and i so t ropi c  flovv 
re gi on exi sts . 
The solution of e quat ion 6 sub ject to appropriate 
boundary condit i ons yi elds a st eady state re lat ionshi p for 




HIGHER OUTLET POI T OF MAXI illM ELEVATION ( dy/dx = 0 )  
�----o---
�n oUTrnT x -� T 
D2 y HYDRAULIC COIJDUCTIVITY (K)  Dl 
",,i;;;;::�,�LE P_O_R_os_r_T_·Y_(n_)_I_lv_1P_E_Rl1E_A_.!B�!.-:-. -L-A�-.. -R_s __ _Jt_1_!._ _ J/J\\17"Q/ 
Figure 2 .  Bi-lov .l Drainage Geometry 
lp '--'
'1:he ho ri z or1.t c1,J. l o c at i on. o r  the r!le,xirnUI'i. v1a t e r  t able  e le rat :i_ o:-1 
( 8 )  
uc :LnE_: the 
. )  --, 
11 ·-· dr - j_ :riable  �qo -;"'.J S ity ( L .) /L..) ) '.l r=t.nd 
, ;' - L c:y u·r, -·-
})P r  chan gc in t imc ( L/T ) 
ut i l i z e d  h1 t�1c deve l o Dmc n-t; o f  o. falling .�:at e r  t 2,b :-t e  
( 9 )  
e q uat i on of r!hi ch -the s o lut i or: i <1 a L-J. l :i..ng .:vat e r  t able  
,\ /7' \ ·; �v  O ], ( '\ / ,  � 'j ·:�'V ') -?�-, -· \_:_') __ :. ___ . ,  -- --- 1 ..:_;_-:.... - ) ,:, 
·1 
( 1  = ( A/8 ) "rty ) 
( 1/LT ) , 
r ::::: r r · -; . 2 ·, ( .. ) 7 2 ::::: �-) r, ? ) ..... ) \ c: .. \. 1J ) l . _ J c:_ 
= _ rn/0·1. • .!.. _, J. ( 7 0 )  
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C = an ad justment fact or .. V/hen the maximum 
e levation of  the wat e r  table fall s from Yo 
t o  Y ,  the average dro p w:Lll be c ( Yo - Y ) ' and 
n = drainable porosity ( 13;13 ) .  
t�c �n�lo 8 us e d  in hi s study Tab le 1 s1Lnnar · z e  s the 
f:eom n 73 5 inch bJ 6 2-inch she e t  of onc -hal f  ... -inch nl e x•-
The t vm pl at o s ne re then c l2 ..ra:9e c1. t o gathe r cU'1d 
one 
l o  C .-, .1- l· c, ·,,, ,., : c,, v . ,::, I "./e re cJ.rj_ l l e cl on F� s i x- i :t1ch gT:i. d c. s bho :n.1. in 
:?i '-;-1J·e 4 shovrn ·Ghe c o ns t ruc t i on d e t ai l s  of a 
The S J:YB.C C l'S 1, .. 1 e re mad e  from orn:, -h2,l i inch square s 
b o t t or-1 5 - inc21 _ by 1 .. 0-inch st ri ·o 
20 
'l'able  1 .  S1,.m.:r1ary o f  Analo gs use d  in the Pa:Jt 
To dd ( 19 5 4 ) 
Gui-1:; j ens and 
L thin ( 196 5 ) 




0 -. 2096  cm liine ral Oil 
( 0 . 082  in ) 
0 . 03 3  in 
( 0 . 0838  cm ) 




l o 5 ft X: 10 ft 
1 .  5 ft X 6 ft 
Chauh2n ( 1967 ) 0 0 0 3 2  in  Tator  Oil  2 5  in  X 100  in 
( 0  .. 0812 cm ) 
I:,'Iaasland and 
She ry ( 1967 ) 
0 . 083  in Hydrm1lic Oil  2 . 5 ft X 8 ft 
( 0 . 2108 cm ) 
Rc che t>t e r  s.11d 
Kr:L �; ( J. 96 8 ) 
.f( 0 c r1 e s -t e r and 
Kri z ( 1970 ) 
0 . 1 5 6  
( 0 . 061  in)  
Gly c e rine 
Mot or  Oi l 
ANan and 0 . 20 cm Mot or Oil  
O ' Donnell ( 1972 ) ( O c. 07 9  in ) 
2 ft X 6 ft 
2 ft X 6 f-t 
30 cm X 90 en 
73'!. I :r -in 




0 0 0 0 0 0 0 0 
� 1 in X 1 in ALt1'1INill1 ANGLE STIFFElffiR 
0 0 0 0 0 0 0 0 0 0 0 
I 
I 
�L-- 3/8 in X l½ in PLEXIGLAS STRIPS CONTAINING OUTLETS � 







Figure 3 .  
6 in 
0 0 0 0 0 i 
0 0 0 0 � o· 
/l/" 1 in X 1 in STEEL ANGLE STH'FENER 
o � o  o · o o o 
O O 0 
� SPACER LOCATION 
0.. 0 0 0 
0 0 0 0 












1 in X 1 in ALlfl{]] UM STIFFENER 
0 . 083 in INTERSPACE 
5 in 
t 1/2 in PLEXIGLAS PLATES 
6 in 
.31 in. 6 in 
u � 
I �� J 
f RUBBER SEAL 
6 in 
6 in · 1/2 in PLEXIGLAS 
PLATES 
1 1  • 




2 in X 1/8 in BOLT 
�l in X 1 ln STEEL STIFFENER 
1 in X ?3½ in X 0 � 083 in PLEXIGLAS SPACER 
Fig,.1re lh End view of .Analog and Constru tion Details of 
Spacer location 
and l o l o s  we �e dri lle d to ��t ch the h o l e s  �n the ulat c s ft 
nubbc T  '-"' ? al s  C .·'i circ 3 )  th:ce e --c i g1 ths-inch in 
Gns- e i ghtu- inch 
no l c s ,·.re rc punc:::1e d L� t:rn c ent e r  wi th a p2.p e r-ho l e  };mnch . 
�:i1e s e al s  n2rc use d t o  1n'ev nt l e a�{·-,go o f  o i l  fro:ci tho 
a1a 0 .0' D 
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The c o n s t ruc t .:.. on of out le t s at e ach enc1 of the 2.nalo i::;  
ra � a nro b 1 ern I.:Iaasl2.ncl anc1 She ry ( l !J 7 )  1..1..s c d. 01v-: - · ov.r-l :11- _ 
inc 1 ho le s t o  s �  mulat c t i l e  line s J.n the i r  stud: .r a A 
�nal o g  : n  o rde r t o  p_ o duc e syme t ri cal flo� into on -h�l f 
o f  the c i 1 cular o neni� T.n e b oundar· r laye rs d e  e lo pe d  
alonrr the ve :rt i c al ends o f  th e ans.l o t:  c -::i: i__ se  re loc i tJ 
gradi e:;nt s ·alli ch made i t  dii'fi c �lt t o  l o c at e  the o :p cni1 l?; 
. .) o  that the o pcn:Ln g 1:.1011: d s imr;.12, c c  a s emi- c i r  u12.r drain . ·  
nhc rc f o re , it wa s d e c i d e d  that a sl o t  out l e t  in the end 
of -' ;he ans..l o ct 0 ·cv. cl be v.s e cl. in ·:)lac - of tii. :, ho1 c "' 
d i i t c rent tha.:n fl o w  l j_ �"le c o_1 e :rgon c c  c o  a s lot � but j_ t 
2 5 
anal o �: .  'Iln"c c -- 8 i f;ht s- :Lnch 11.ole .._, r1e 1 e  d. ... i 1 1 e c .  i n  the s e  
st ri :? 8  ,.:.i.:t; + 1:1e d c s i ·e el l o c c::t i ons ·· o :provi de o t J.e t s  for the 
?h ho le s i u e  was obt aine d from a � �udy 
The out l et s  on the l e ft e1 d o f  
the m1 0J. o g  v;e rc place a. at e levat i ons o f  1 . 0 ,  3 . 0 ,  6 . 0 , 
9 . 0  and 14  . o  inche s 6 Out le t s  on the ri ght� end �·e rE- lo c at c cl 
at th G same e l  c vat ion 2:1 a. 0 • 5 , J. • 0 1 2 • 0 , 3 • O , 5 0 and 
7 . 0 inche s abo re e ach o f  the out J e t s on �he l e ft end o 
Fi � ;;.re 5 shov,s the l o c at i o11. s  of the out l e t s . 
A E;ri __ sy G t ern rm.s att a.cbe d t o  the back si de o '"' +he 
twsntj_ c th of an in.ch . 
1.rhc st11dy o f  ste ady st ate c onc1i t ion:3 re qui 1 e d  an 
appar8.tus that \. oula. re- su}Ji ly o i l  t o  the anal o g  
un.i fo 1�r11l y 2. c ro s s  i t s  l e.net 1 at a c onst ar.Lt rat e .. A 
ne ,..· dl c s s o 1  ve ;._ thi s purp o se . The,1 ve re at t acLe d. t o  a 
m2ni f o l d  nhi cb. v:cw c oru�r; c te a. t o  2, c onst ant he ad re :::� c 2.'vo i r .  
l�i gurc 6 shor:s (..; .. .) · .... t �_ on o f  the rc cb. -� r{.;e r:.c:-,ni f o l d. ancl 
v:o,o un::,ach ine d. 
Figure 5 o  Outlet Locations on the Left and Right Ends of the Analog 
r\) 
O'\ 
Figure 6. A Portion of the Recharge Manifold 
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1/2 in I �D .  rrYGON TUBING FROM CONSTANT HEAD RESEVOIR 
1/2 in O .D .  PLASTIC TUBII1'G 
3/4 in �CHDULE ./.j) PVC PIPE 
� 1/4 in O .D .  PLAS'rIC TUBING 
-- - 2__ 0 .192 in I .D .  TYGON TURING 
� 3/4 in, 12 GU.AGE 
HYPODERMIC lrEEDLE 
r--_....__ ___ ...-.----1 � 1/ 4 in X 1 in 
PLEXIGLAS STRIP 
� 3/8 in X 3/4 in BOLT 
1 jn X 1 in ALillvtir UM .A -GI� 
Figure 7. Construction Details of Recharge Manifold 
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barre l and the base  of  the ne e dle . The ext ent o f  rough­
ne s s  at thi s j o int vari e d  among needle s Thi s di fficulty 
was reme di e d  � ft e r  each needle was bore d smo o th with a 
drill bit just smaller  than the inside diai"Tieter  o f  the 
barre l of the ne e dle . 
Two supports , like the one shown. in Fi gure 8 ,  we re 
constructed  t o  hold the analo g  fiTmly in upright po _si t i on.  
The suppo rt s  al so  he ld the recharge manj_ fold  in it s op� 
erat ing �o sit i on .  
Anal og ,!:]-ui d 
Glyce rine and · eve ral type s o f  o il s , as shown in 
Table 1 ,  have been use d  as flui ds in vi s c ous-flow type 
anal o gs . Harve st King SA.E 30  mot o r  o i l  was use d  in thi s 
study . The density  of  the o il was 0 . 88 grams per cubic 
centimet e r .  The ab solute vi scosity for a range o f  
t empe rature s i s  shovm in Fi gure 9 .i The vi s c o sity \Vas 
meac.sure d uith a Bro okfield Synchro-Le ctri c vi sc ome t e r . 
Data C o l l ection 
The locat i on o f  the phreat i c  surfac e of  the o i l  
du�ing the ope rat i on of  the analog  was re c o rded on 
pho t ographic film . A 35 mm camera with a wi de a..ngle lense 
·was us e d  t o  J.>ho t ograph the analo g  during all expe riment al 
ru.ns . The c ar1e ra was mounted on a tripo d lo c ated  seven 
fe et from the c ent e r  o f  the analog. _ A large ·wall clo ck 
-'2_2 in X 2 in ALUMINUM PJ'1GLE 
32 in 
in ALUMINUM ANGL8 
21 in ·-----� 
(,. 1-� in X 3 in .A lJNTN1.JH CH.r MNEL 
Figure 8 .  Const uction Details of Analog Supports 
,300 
0 





Figure 9 . Absolute Visco�ity of Harvest King SAE .30 Hot.or Oil 
31 
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3 2  
·:vi th a s c c 0nd hanc1 and 2 c i pb o ard c ont o,ining )e r· , incnt 
Dllr: the c J  :i ubo o.rc� :re r e  re c o rllc c1. in e ach pi c ture al oLL v,i th 
th:  1 0 c o t i o:n. o i  the o i l  surfac e .  
A.:· , e r  �oro c - s s ing the ne ��at ive s , th , fj_ l  1 rn1s plac e d  
in a .5 5 fj.J l'i J_rt s ·�; )'i :o :, ro �j c c t o:--· t1:1c.1 t�-ie 1 G sul t s sbown on 
a mo ic  s c 1  e en f>  :11he o :i. l  �Tt).rf's. co  e J evat i ons we r 
t o  t�  e nc a:c·c s t . one -t ·1e 1 1t :i_ c th o f  an inch cm -:. �c c o rd .... · _  j_n 
pj ct1 !.re s cJ. �ve l o IJC d from a s t r�. }) o f  ne .0-at i c s  whi h ill  l ..... _ 
· __ Ct c 0  s a tvni c al run 
Ana] o g �1 1)ere:', j on 
To s iniul a\_. ... � the e: •  - e ac3Ly stc.t o  si tuat i on ,  the re CJ1 rge 
apy,-1 ... a vus \. as at t ache d to the D1.al o g  2nd fl o w  i n.i t i a  e d .  
· 1i th aJ. l o-,__, ·c; 1 r • t s  c l o s e d  t!K rat e o f  re charge :'las de t e r · 
m · ne c1 by me a;3u.ring the rL, c o  o f  ri s e  o f  t_ - :1:.i.rn at i. (.,  
surfac e .  A·.?TH' o pri at e 011t l e  c s  \ \• e re then o pene d and the 
flo 'v·✓ ri·e .. , Pll orm t  o :cc c_C,._l a ::; �� e u1y t at e c on ·� j_ - i on .  :Jhc.:,n 
no ch:n gc ·.n  thr;_ T) O s i  t i  02.1. o f  ' �  J e �9hre at i c �:-.·�1.rf'ac e c oul d 
Figure 10. A series of Pictures Shoving the Drawdown of the Phreatic 
surface 
3 3  
wns c ont inue d. u:nt i l  all de s i re d  ou-u 1 e t  c o1'i1bi nat i ons 1. 1c re 
t e st e d . 
u.nd thu i nvc s t i g2,t j_ on  c ont inue d fo r al l out l e t  c omb i nn-
� i ons . Re cha:r.\'.;c :.cs.:L e c- O i:  0 38  - ' 
3 . 2 .3 t nch ' f? pc: 1  rni rn;_t e nere inve ,�·t i gat e d  f o r  the ca ::1 e  
nhen the l o '. 1 e r  out l e t  \Yao 2.t -the 1 �  i 1  c h  l eve l an:l r�. t c P 
fo r the l e  vc . 011t l e t  e l  vc;t . -_; on s o f  l O ,  3 . 0 , G O an 9 . 0  
The ciat a c o l l e ct (: C.1. from thi s port i on 
o f  the stuAJ � s  c ontaine d i n  .l' ppen ·l i :x: 
In ·0he ._, im1J.lat i on o ::  t ·  .. e fal l i.i.1.g phre a:t i c surfac e ,  
the f i rst u o  t i on o f  data we re c o lle c t e d  fo r tac situat i on 
o f  flo'r,� . 
fJ J. tl-.c;:;;,t i o�.1 o c- c 1 ::.rs \'ill <.:, n the he -· ght o i.:'  the <lrain l i ne above 
i s  grc atc1  
c a ll e e c c d  l y fi. 1 1 ir:i [1• the 2Y�c1,log t o  J. c.. ·ve l t en i 1..che s. 
The out l et ::� r:c re o ·oenc d s i1.s. 1-
dat a Lre cont aine d in Appendix B .  
Aft er  this port ion o f  the investigati on was comple t e d  
i t  was sugge st e d  that a st e ady state  st arting surface may 
be more re ali stic . An. investigation was then conduct e d  
t o  det c rmj_ne the diffe rence in the shane o f  the falling 
surfac e for the two di fferent starting conditions ( hor­
i zontal c en inche s above the outlet and st eady state  at 
a re charge rat e o f  2 ·. 4 inche s pe r  minut e ) .  From e ach 
of the start ing positions pi cture s we re t aken at s imilar 
e levat i ons during the drawdovm . The data are containe d in 
Append.ix C c  J?i gure 11  i s  2. gra:phica1 repre sent at i on of  
the result s .  From thi s info rmat i on i t  was c onclude d that 
the start ing shape was not a fact or in the shape o f  the 
falling phreat i c  surface .  
The gro c e dure use d to gather  remaining info rmation 
for the falling c ondit ions was t o  est abli sh steady stat e  
flow at a re charge rate o f  2 . 4  inche s :p e r  minut e , re cord 
the surface po si� ion , stop  the oil re charge and re cord 
the surfac e as it de s c ende d  by taking a pi ctn1--e e ach t j_me 
the maximum e levati on of the surface pas s e d  a11 inch nark 
on the gri d .  Thi s proce dure was followe d for 0ach o f  the 
seven lo cat ions of the lowe r outlet .  The dat a  co lle cte d 
from thi s port i on of the st- :i.dy c ontaine d in format i on fo r 










at o, re char�e rat e o f  2 .  4 inche s 1)e r mi-1.ute and the fa l­
ing phrc 2..t :i. c  surfac e info rmat i on c The s e  dat a are con­
t aine d in App endix D .  
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CHJ1.RAC TE"  LI STI C S  OF THE AITALO G 
The f o l l o yving p o :-ct i on of thi s the s is pre s ents the 
re sult s of inve s·c i gat i ons conducted b e fo re and during 
the c o l l e c t i on o f  the dat a .  The se inve s t i gations \ve :re 
conduct e d  t o  obt ain a..Y.l u..nde rst anding of the e ffe c t  of  
out le t s i z e and anal o g  l ength sc ale on the rat e of draw­
down and the e ffe ct o f  anal o g  c onc1-uctivi ty on the sha:_:;e 
of  the fall ing phre at i c  surface . 
A large p o rt i on of the re sult s uresent e d  here aft e r  
vfill b e  in the f o rin o f  dimensi onl e s s  pararne t ers . The 
parame t e r TK/nS :ce prc s G nt s  t imG , x/s · and ( Y  - Dl ) /S 
re pre s ent s  the hori zontal and vert i cal loc at i on o f  the 
po i nt o f  maximum elevat i on of tl.:.e phre ati c surfa c e  wi th 
the l o we r  out l e t  e levat i on as the datu.m l_ine , R/K re :9re -
. s ent s  the re charge rat e , Dl/S and D2/S re pre s ent the 
e l e vat i ons of the l owe r and hi ghe r o t l e t s  above the 
i mpe rme ab l e  lay e r . 
The r e s i st anc e  o f  f lu i d  flovv in a drainage sy st em 
c 21� be  separat e d  int o two c omponent s :  one , the re s i s t anc e 
of flow thro u �h t �.'1 e po rous me dium t o  the drain line 
f :hydrauli c c ond.nc� ivi ty ) and. .two , the re s i st ance of  the 
drain line  openines e The bi -leve l drainage the o ry 
con s i d e rs o ... ly Lie -corous ::i e dium re s i s t ance , the --efo re , 
t Le out l e t  . e s · Gt2-nc c o :i.· · he Q11.al o g  m i..st be smal l 
c on-::�)2, ..... .:.' d t o  · '1c re s i s t an c e  o f  tl c flon re ci on. To  
de t e ::c-rni2.".e the o J.t l e t  :::� i z e  o £'fc rin c  a minimu·n o f  
inc .. :·0 2�sinG 0 °:..t l c t  s i � e fJ . Th:i. c nart o f  the tu .y was 
c onc'in c - d \ Ji t}1 • ne outl  t 1 4  inche s above .the im1) e rme a  )le  
l a;y e r . 
1 2  sho .'S c.1 ... ar,;do ·n curve c.• f o r  tb.8 -p r  int o f  n 'l.: --i:mm1 
s l s "I E  ..t j  on o f  tl: c I t  se en th  ,t the 
\·. as as sume d th'--"'t fo : 2,·�1 ut le t s i z e gre 2.t e r  -han 5/1 6-inch 
t�1e re i st a:nc e o f  fl o 1.-.r fro n ths 11�J.og 2- D  due t 
..., orH..l e r  at ive o ut l e t  si z e  o f  3/8-i:nch \ JaS use  cl o.  · .L ·-; 
I t  \. 8. S  c.li ::,c ove -rc d  l " t c 1  ,hc�t thi s s - � dy shoul d  h,· ve 
rne-2.b l e  J aye .::- .  
a lnrc�E', : 01 t J. e t  ws.s nc., c o  s r r.v t o  obt o,2-_ s:1al1 o t l c t  
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Figure 12 . Comparison of Drawdotm Curves for Different Outlet Sizes 
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A ... ) e c onc:. ·::n c l j_ r!1in2,ry stud..1 wa s c onduc -t·e d t o  e t e rmine t.1.1° 
e .!:'fc c t  c f  a ch9.nce i n  th . m�t.al o g  c o n.c uct i i t y �  c au s e d.  by 
To de t e rmine thi s  
e ff e ct the 2�12,l o ;;,  ':;as rn o ve u t o  a. t cnroe ratr�_ :ce cont ro ll e d  
1 9  ano 2 8  _ d e gre e s  c o  t i cr·ac� e . Fho t o �ra� s ve re ta<en qs 
tb e fal l t nrr ::mrfac 1;;; rk.S .J o o. sim: l a.1� po int s  :-o :r e ach t ern1 -
e ratu:.ce ., �rh e  s c  dn,t a arc c o r  , c..  · nc d in A_opcn ix P .  
1 3  sho ·:.1 s the sha1_1 c o -tlr n J)hre2.-ti c surfac e s  f o r  tempe 1·c ture P 
�u ch o f  the rari ut i on appe ars t o  b e  e x-
c onc1u t i  vi ty clo c s  not s.ffe c t  the s.!.1a-oe o f  the fc.ll in{: 
Thi s  
me ant that Eo e d j u s tnent fo r shap e was re qu_i red i :f tl::.e 
a11.2.l o �  \78.S o p e  r2.t e d  at t emne rat U'e s be  - we en 19 and 28 d e -
cre e s  c ent i grade and that sl l homosene ous and i s o t ro p i c 
s o i l s  c an b e  s in nla-c e d . 
:i1h8 :r-e sult s o bt aine d i rom a c o rrc c t lJ d e s i {T1e d c.r:i. �}. :l. o {s  
T cJ che ck _ ·ch ae s i f-n. o f  
thG anal o g  th · e ffe ctive 1 ,; nbth o f  the anc .. l o g  l . ...., e d  i n  thi s 
st 1 _dy -,·:o..s cloub 1 e c1 by &l l or.·L ...... : o il t o  f'lo  7: from one oLt l c t  
0 1 7.'·• 1 ;') t ·- ( ,- •.1_ �  r, .1-�A. I \..., _l ) • '-' < , IJ 
C-! ·n ,., n · n '")· o -:-:· 1 .r. 7 0 i :r,, '"'l., t") s ) 
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Figure 13 .  Comparison of Falling Phreatic Surface Shapes for Different Operating Temperatures 
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Figure 15.  Influence of the Higher Outlet Elevat.ion on the Position of the Steady State 
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t o  e rro r int roduc e d  i n  t 2bulating the surfac e elevat i ons . 
The :phreat i c  surfac e s  re corde d on film were smooth as 
sho vvn in Fi gure 10 s 
chc., ··:n in F:i. g-d.1 ·e 1 7 . �i:hi s  }?i. L· 1-rc i l lus t rat e the data 
c o l l e c t e d: ·1 · :i th t . :· e  1or.-c r out 1 e t  one inch ab ove th �m_. E .c­
Curvc '.j fo r D2 
Sin c e  the o-o.tl e t s  v,1ere no t a ol c  to r:--1 1 0  v t he pas sage 
o f  o i l  y1:t th nc cl i gi b _ r) re s i :::_..t an c e , t ... wy · e gan ·G o act c:1.S 
o ri fi c e s V •h::_ ch '!')TO UV.C e d  th , p2r2vb o l i c  c onc e.vo upvmrc.1 
she., _ _  e .  
t hc.n c i g11t ir.chc F abo- e the l o r.rc r out l et 
Al s o  sh.0 ' \'11. in PJ. �;t.rc 17  j_ r3 the max .: .. num c lc .�at i o1 1  of  
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figure 17 . Comparison o_f Predicted and Analog 1aximum Phreatic 
·urrace Ele, ations for Steady State Conditions and Dl = 1 . 0  in 
4 9  
·GhG b i - 1  �vc l th0 o �ty , c t c'vt e  tLa v 9.11 f l o -.·; i �I ho ri z ont al 
s u o d. that an 
11.'he thc o rc t �_cal 
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Figure 18 . Comparison of Predicted and Analog iaximum Phrcatic 
Surface Elevations for Stead State Conditions und Dl = 14. 0 in 
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Figm�e 19 . Comparison of Predicted and Analog Results for the 
Hori zontal Location of the Maximum. Elevation of a Steady State 
Phreatic S1J face (Predicted Results Adjusted for nEquivalent 
Depths,. ) 
5 3  
1. 0 
0 . 9 
o . 8  
0. 7 
o. 6 















o . 7 o. a. 
x/s (ANALOG ) 
0 . 9 
Figure 200 Compari...,on of Predicted and Analog Results for the 
Horizontal Location of the Haximum Ele ation of a Steady State 
Phreatic Surface (Predicted Results Unadjusted for 11Equivalent 
Depthsn ) 
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Figure 24. Horizontal Location of the }ifi.ximum Elevation During 
Dra, do m When Dl = 14. 0 in 
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minut e .  The data a:ce include d in Appendix K .  Figure 2 5  
summari ze s the re sult s . The soli d line re pre sent s the 
di 0charge from the lower  outlet t as suming the lower outl t 
di scharge is dire c t l y  propo rti onal t o  the X/S rat i o .  The 
datrnn po int s re pre sent the data collect e d  from the a..vialoe "  
From the se  re sult s it  appears that the c onbept repre sent e d  
by the solid  line i s  vali d ,  but more data should be  
c o lle cted  for  a more detailed analys i s .  I f  the rela­
tionship re pre s ent ed by the solid line i s  accurat e ,  
dat a from Fi6t1J. 1e s  23 , 24 , 2 5  can be used t o  pre di ct 
drain line di scharge :J which must be known befo re drain 
· liDe diamet s rs can be opec ifi e d  for a fi eld s i t 1).at ion ; 
lli.12:. -�tu _Q_y 
Fie ld data 1e re available fo r c ompari son wi th the 
analog  data � The drainage pl ot from v1hi ch the data were 
collecte d cons i sted  of one drain line placed e i ght feet 
deep  and two 3 . 5 fe et deep drain line s  l o cated 75 fe e t  
on each side o f  the e ight fo ot line ( se e  Figure · 26 ) . 
An impe rmeable laye r exi sted at a depth o f  13  fee t .  A 
detaile d :plot  and s oil  de scription i s  given by Lembke 
( 1 967 ) . The wate r table in the drainage plo t  was raised 
to the surface  and then allowe d t o  fall by opening the 
drain line s .  The l o cati on of the water table during the 
d.rawdoYm was rec orde d by vmter t able we ll s . Figure 26  
shov,s the field data c olle ct e d  during the summer o f  
75 Dl = 
o 1 . 0  in 
0 3 o 0  in 
e:, 6 . o  in 
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Figure 25 .  Comparison of Expected and Measured Discharge from the 
Lawer Outle · 
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19 7 2 . H i gu rc 2 7  c or:1;:n:,i-·s s the a.n2l o g  and fi e l d drav.rd.ovm 
'.Vi th t iJ::2 • 
dra:,7c1 0 '.','11. the fi e l cl  re sul ·:� s f o 1 1 o7.r ·chc  curve v --e di c t e d 
f j_ e J_ cl  rc su1. t s  f o l lo\ .;  the curve nre cli c t e d  by the an2-l o g _ 
nd f.i e l cl  hori z ont �:tl lo c at ion s o f  t he maxirnum ph:.re e,t i c  
urfac 0 c l evcd; j_ on .  :F o r  a r:i:iven mc.n:ir.1um e l e vat i on , the 
f i e l d  · -.e sv lt s sl:.0 \7 a ho ri z ont al l o c ati on of the m2,:zirnutn 
e l c vt1t i o n. c l o n e r  t o  tho mi d:o o int b e J..r1e e11 the drains 
>� t :r:n . .  st be  no t 3 c1  th2-:; it was di ffi cult to d c t c rr-iinc 
t b.e h o rj_ z ont c=,.i,l l o c Et i o:n. of -Lhe m2.xirmua 2 l cvat i on from 
the rL e l d  d at a .  Al s o , the hydraul � c conduc tivity of 
the f i 8 l d  :plot v::..-i,rj e d  wi th de ·r;th and ths ho ri zont al 
hydraul -L e c onduc - '-- i  vi ty was gre at e r  than the ve rt :i. c al 
c onduc t j_vi t y  due t o  the h i c;hly la;_;c re d  s t :r uc t  re o f  
the s o i l (; Ho c onc lus ions YlC re Da(le c onc e rning the 2,bi l i  ty 
o f' the onal o e: ·0 0  p1 o cU. c ·c the fi e l  ·1 re sult s s i nc e the flow 
regi on in the fi e l d  vrc:.s not homo gene ous an.a: j_ s t r o pi c . 
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Figure 27 o Compari son of .Analog 0Jld field Re sults for the Vertical 
Location of the Maximmn Elevation Duri.I g Drawdown 
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Figure 28 . Comparison of Analog and Field - Results for the Horizontal 
Location of the Maximum Ele ation During Drawdown 
Bi -level  drainage , an arrange __ ent of  dee:p and 
shallow drain l ine s ,  offers a pot ential of re ducing the  
c o st s a0 sociat e d  with sub surface drainage o f  i rrigat e d  
lands such a s  the pro1Jos e d  Oahe Uni t . To evaluat e the 
-- _L 
e conomi c feasibi lity of bi-level drainage one must· be 
able  to pre dict the locati on of the wat e r  table for  a 
given s e t  of fie ld  conditi ons . The primary ob j ective 
· o f  thi s study was to evaluate the reliability o f  
exi sting bi-leve l drainage theory iliich de scribes the 
movement of the water table for bi-leve l drainage 
·c cmdi ti ons . 
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A 31-inch by 73 . 5- inch vi scous-flo� analog was use d  
in the study . motor oil  was use d as the vi scous flui c .  
Both ste ady stat e and falling wate r t able situati ons we re 
simulate d .  
Seve ral preliminary inve st i gat i ?ns ,.,e re conducted  
t o  gain an U11.de rst anding of  the o pe rating characte ri st i cs 
o f  the analog o  The f i  ... s t  inve stigati on involve d the 
det e rminat i on of the outlet  size  whi ch would o ffe r a 
minimum re s� stance  to  flov, as compare d t o  the res i stanc e 
t o  flow bet  1ee :o. the parallel plat e s  o f  the analog .  
A thre e -e ighth s inch outlet was use cl o n  the analog .  Thi s 
in�e stigati o n  �a� conducte d Tiith the outle t  lo cate d such 
that the e :ff ct  o f  the imne rmeable layer vms ne gligible . 
t,. 
. 
t .  i-1c fl J. Li ) a - �� on 
surf a c e  
6 8  
y,·hc Te th1;:, 01.1t l e t  a pro r,,che d the impe rme able
 
of the a c rc lo ne d  falli 1� phre at i c  su �f�c o s wo re the s�me 
f 01 b o t h  -· ni t J. al r:ur f2.c c s 'J:he e :C'fe c t  o f  the an'1log c on-
by ana_ o g  c oncluc t i  rity . 
I-.. study r.rc..u c o nduct e c.1  t o  de t e 1·1:iine t 1
e e f·0 c c t o f  -the 
anal o ;_; s i z e  on t}w c.,nal og rc sul s 
The re sult s for the 
tr!o s i z e c \'JC 1::-c !1o t  i de nt i c al . The dif
fe .cenc e m2.,y h�ve be en 
clue to  the ur1S cal e ci  y•e s i s c 211.c e o f  the 
o ut l_ e t s  (, 
The axJ.8.J_ o {-' ro s1.,1_1-c s \ '!e re use d t o  evo..l·l.l.
at e the bi -leve l 
-,:gs ourd that 
the o r:r 
f ai l c o  t o  �� - :-e l. i c t t�rn horj_ z on:t '11 l o c at i. on. o f  the maximt)...Jn 
,... sv.:.. 1 ac e 
f oun.cl th[:l'G the t.) c o :-J:·y 1Jn� di c t c d  a gre at e r  rat e o f  ra ·1-
�l i s  ove r-:n e -
d i et .i on o f  th.t; rat e o f  droY--.'do ·m incre a R c c. a s  the c1 ." ffe r­
��h8 ana1 o g re sult s 
fo�L the move :-1en-� o f  the ho ri �ont al l o c at i on o f  the 1-a:x imuJr. 
e .evat i on o f  the ·phrc c:.t i c  surfe..c e sho�:w cl that thi s }}oint  
v;c re c.va:i 1ablc fo r c ) r:11xt.ri co:i.-:. \7i th the  ans.lo g re Dult s .  
The- wat e r  t able tro,wdo\·;n in the f i e l d  a c e  1rre d mo e 
flo · ·J re gi o:r:.. o f  th(: u.n al o g . The re f o re , no c onclu s i ons we re 
re sult s .  
2 .  the o � ov� r
-nr e di c t s the 
V J: 
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rr .. :t e o f  cl �  ...Dx! ·7 or'n o f  a falline phrc
at i  surface .  
h o :..:• ·i. � offc Rl J.o c at i on of ttl8 p o int o f- mo.:x.irrmJn 
o l cvat i oL fo :r st e ady Dt at e  · concli t ion '� r. 
i L s e 0 cl , .1 � . and D .  J :j_ r::.ha�:1 . 1 9 66 . De ·oth o :...· 
]33.rri e r  2nd 
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Table 2 .  Steady State Phreatic Surface Elevations 
Pl = l 4.0 in R c o.JS 1n/.n.1.u 
15 20 2S 30 35 )7. 25 
0.0 l.4. 6{) 14. 7'0 15 .10 1 5.15 150 20 15 . )0 1.5. ):) 15. 35  1 5.35  15.30 15. JO 1 5. 2:i 1 5 .,20 15.10 15.00 U.30 14. l.0 
o, , 14. 50 11..90 15 .10 15. 30 15. 35 15. 40  15.4.5 15. 50 15. 50 15 ,45 15. 45 l 5 . l5 1 5 .-40 15 .. JiO l.5. )0 1 5 . 20 15.CO 
l.C 14.t-O 14.90 15. 2G 15.40 15. 50 15. W 15.65 15, '70  15.75 15. 75 15.80 15.80 15, 75 15. 70  15.60 15. 55 15. /40 
2.0 1.4. SO 14.9C 15.J5 15. 55 15.75 15.90 16.00 16.05 16.05 16,10 16.2n 16.20 16.20 16.2 5 16. J� 16. JO ·16.20 
Dl = 14.C 1n R = 0. 50 in/n1n 
o.o 14. 50 15 .00. 15 • .¾ 15. 55 15 .Eo 15. ?0 15. �0 1-5. 80 15. 80 15,80 15.70 15.70 15.60 15. 50 15.30 15.10 11 .. 50 
o. 5 14. 60 15.00 1s. 3� 15, 50 15.60 15.75 is.so 15.e5 15.90 15 .90 · 1s.ss 1;.s5 15.00 15 .10 15, 55 15 . �0 1 5 .00 
1.0 14.€() 15 . 10 15.45 15. 75 15.85  16.00 16.00 16.05 16.c5 16. 05 16.05 16. 05 16�00 16.,X> 1, �90 15.?o 15 .40 
2.0 14..?0 15. JO 15.60 16.00 16.10 16.25 16. JO J6 .1.0 16.45 16, 55 26. 60 16.65 16, 65 16.60 16. 55 1�. 45 16M;;0 
3.0 14.90 15.40 15.90 16.20 16 • .JO 16. 50  16.10 16. 20 16.90 11.00 11.05 11.10 17.20 11.20 11.20 n.20 11.10 
, _ Ci_ _  15.00 15.4!.' 15. ?0 16.20 16.40 16. 55 16.?0 17.CO 17, 10 17,lC 17.20 17.20 17. ]-0 17. ;0 17. _'30 17, Jt) 17.30 
D1 = 1,4,0 :l.n 
o. 5 14.,,0 1:5.40 16.10 16 • .35 16. 70 16.SO 16.90 16.90 17.00 17.0C 17.00 16.90 16. 80 16. 65 16 . ..... o 16.GO 15.40 
l.O 1 5 .10 15$6� 26.20 16. 50 16. 80 17.00 17.10 17�10 17,10 17.20 17.W 17. 20 17. �0 17. 00 16. SO 16. 4() 16.CO 
2.0 15.20 15 . .'70 16.40 16. 00  17.10 17 • .30 17,l.D 17. 55 17,(:[) 17.70 17.75  17.75 "'..7.'n 17.60 17. 50 17 •. W 16.70 
J.o ·, 15. � 15.so 16. 50 11.00 11 • .30 11. 50 11.60 11.s,o 1s.oo 1s.oo 1s.oo 1a.10 18.1.0 1s. 1 5  1s.10 17.?0 11. 50 
5.0  15. ;0 16.10 16.90 17. JO 17.70 18.00 18.20 16.40 18. 55 18.?0 18 ,85  19,00 19.CO 19,05 19 . 10 19 .15 15 .20 
Dl = 1'100 in R = 1.50 in/mn 
0,0 15,tO 16.15 17.00 17. 50 17.90 18.CO lB ,20 18.JO 18, :,0  18.20 18.15  18 .10 17.90 17,6o 17 • .30 16,40 15.90 
0. 5 15.60 16. 30 17.15 17. EIJ  17.�5 18 .15 18 . 30  18�40 18.45 18.40 18, .35 13 . JO  18 .15 17.90 17. EIJ  16.8() 16.20 
1.0 15.(,0 16 • .30 17. 20 17. 6o  18,00 18, 20 ] 8 . 35 18.60 18.'!0 18 .60 16:60 18 , tO  18. Eo  18.30 17.90 17. 30 16. 70 
2,0 15.90 16.1.JJ 17 • .30 l?, eo 18 .20 18 . 50 18 . 75 19 .00 19e 0'.) 19 .00 !9.0C 19 . 10 18.95  18 , 80 18 . 50 1e. :x)  17. 30  
J .o 1 6.r.,J i6. so 11. 50 1e.10 1s.40 1e . so  19.00 19 • .30 19. 25 19 . 40  19. 55  19 . l 5  19 , 50 19. /4C 19 . :,0 1a .�-0 18 . 30 
5 .0  16. JO 16.90 11.90 IB . 5•J 19.00 19.35 19.10 20,oJ 20.20 20.,;o 2(J.f+5 2c, .o0 20.c0 w. �o "2:0. 1.D  w. 20 19.70 
1.0  16.<:o 11.10 1�  .. 20 19 . 10 19.w 20.00 20 • .30 20. s 20.90 21 .10 21. J, a.50 21.o0 21.65 21.?o 21 . 65 :u ,J<: 
Dl = 14.0 in R - J, 23 in/min 
0,0 18. 1.0  18.L.O 19. 70 W.40 20.90 21 . 25 2:. 45 21, fo 21�6.'> :U,60 21.. 50  21, 30  21,00 20. 55  20 ,00 19.10 v.ViO 
o. s 1s .25 J.B.60 19. 8.".> 20. 50 21 . 10 21 • .w 21.to 21 .ss  21 . e ,. 21. t'c n.75 21 .60 21. 4D 21.00 20 . 40 19. 55 11 . ;o  
1.0 1� . )) 16.60 :9.90 io. 70 21 . 20 �1 . 60  21. 1s 42 .00 22.co 22.c-0 u.oJ 21.�5 21. Go  21. 25 20.?c 19.80 J.9. 50 
3.0 19 , 20 J.9 , .� 20. f_,O ,.1. 5C  22 . 00  .:!J. . 5f) ✓2 ,P,O 2). l:J 2J.2Q :n, ;: 5  ;>J. JO 23. 2 5  :'.J .10 22 ,85 22, 4.5 21.60 11 .45 
s.o w.oo 20. 15  2 1 .lJ) n . 35 23 . ::.(> ,J. YJ 2J , 90 ;u •• ::5 24. �c 24.1-(J 2/4 . ?0  24. 60 21.. 10 2.4. f-l:l v .. 40 24.00 2J .8o 
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Table 2 .  (Continued ) 
Dl - !)l J11sUi"!t<O J:ro.1, C�"lt�r ( !noiv:J z,)  
(in)  �. 25 35 )') 2 5  2-c 15 10 5 0 s lC l5 20 25 JO .3S 37. 2 5  
�l = l .O  1n R = 2.0 1.n/a1n 
o.o 4. !0 4. 35 6.00 6.90 ?.&.J S.15 s.� 8.65 �.80 g. 6,') e.40 e.oo 7./J) 6.,90 6 .. oo 4.�, 4. 00 
0. 5 4.10 �60 6.00 7.00 7.7'J 8,15 s.so S. 75 S.85 8.70 8 . 55 s.os ?.&J 7.00 6.10 4.70 , .. 10 
1.0  4. �o 4.. 50 6.20 7.00 7, 75 8 .30 G.6o 9.00 9.00 s.so 8.60 8.25 'l.'75 7.15 6. 40 4.90 4. )0 
2.0 4. /£ 4.80 6. 1.D 7. 30 3 ,00 8.6o 8.90 9 • .  <5 9.JtJ 9 • .30 9.05 s.eo l'.35 7�65  7 .10 6.00 ;. so 
),0 5. 00 5.�0 6.00 7.75 e .so 9.10 9.45 9 . 80 <).90 9 .. 80 9.75 9 JJJ 9.10 8.75 s.co 7.00 6.1.0 
,.o 5. :20 5.60 7.10 6.10 s.so 9�55 10.00 10. :-0 10.55  10.60 10. so  10. to 10.15  ?,_ 85 9 • .30 8.45 7 ... 85 
7.0 7.� 8.40 9. 30 10.10 lC.65 11 .00 ll.,O l.1�40 11.:5() ll.40 11. JO  ll4 10 10.85 9.90 '7.20 
Dl = 3,0 in R = i .o  i.n/Jrill 
.3.0 6.25 6.70 s.10 8,90 9 .60 10.20 10,cO 10,E5 ll.05 11 .05 ll.00 10. BO 10. 50 10 . 10 10. 55 9.65 a.10 
5.0 6.80 7.20 S.40 C) .30 10015  10. 75 ll .15 ll., 5 5  llc60 ll.SO 11. ,85 11 . eo  ll 4 60 U, .35 ll .CO 10. �  9 .60 
1.() 'l.,00 7.20 s.to 9.(;i) 10 • •  w 11.1; u;ro 12 .20 12. 50 12. 60 12., w 12.an 12 .  70 1:� . UJ 12. JJ  ll.'i'O 1.1.00 
Dl = 6.o in n : 2 .0  in/lll.tn 
o.o R.30 8 .70 9.90 10.(;i) u.oo ll. JO ·ll.65 11.75 11.85 1.1. 65 11. 50 11. 30 n.oo 10. 50 9�95 8.9'0 8 . JO 
0. 5 8.tO 9.W :!.0.10 10.75 ll.20 11 .70 ll.90 12.10 !2.20 12.10 12 .00 11 .75 11. 40 lloOO 10. JO  ·q. 50  9.00 
1.() S.70 9 .10 10 • .?{) ll.00 ll.40 11.90 12. 10 12.45 12. 55 12.45 12 . 3-'J 12 . 10 U;80 ll. JO  10.85 9 .85 9 , 4D  
2.0 9.00 9./40 10. 55 ll.30 ll.,?Q 12 .15 12.45 12 . 85 13.00 U.90 12 . e5 12 .70 lJ. 50  12.20 11 . 70  10. so 10.20 
3.0 9. Z> 9 . 65 10.90 ll.&') )2� 15 12. 70  1.3, 10 13. /4.0 13. tO  lJ. &)  13 . !:-0 1.3 • .40 1.3. 20 12,.90 12. 40  ll.80 ll .00 
s.o 9.cl:> 10 . 0-J 11 . Js 12.00 12. ao 13 . 35 1.3.90 11."20 14. 50 14. 55 1 1,. . 6o  u.65 14. w  14. L.O 14,co 13. 25 12 . 10 
1.0 10. 10 10. 40 11 . so 12 .10 1 3. 30  14.00 J-4.45 15 .00 15.35 1 s .6o 15.60 15.65 1s.10 15065 15.45 u�eo 14.10 
Dl = 9.0 1.:1 R :: 2.0 :1..n/min 
o. s ll. 40  n.eo l.;. 10 lJ . 80 11 ... 15 14.40 14.6'.) 15.00 15 .00 14, S-O 14. 00 U.. 5'3 llt.. 30 14.QO lJ.�O 12 . 50  11 ;,o 
1.0 11.tl.> 11.80 1.3. JO 14.,00 11.. 45 U. 75 15. 00 15. 30 15.45 15.30 l S.15  15.CO 14.65 lJ,.. 35 11..00 13.0'J 12 ./J) 
2. 0 n.eo 12. �") 1.3. 55 - 1/4.'25 u. w 15.10 15 .50 15 .65 15 . 00 1 s.eo 15.so 15.75 15. 55 15. 20 U..l5 l.3.90 1J4 ;,0 
3.0 12. 20  i:?.70 14..CO 14.', 15 . 30  15.70 16.oo 16.30 16. 50 16. 60  lldo 16. 50 16. J� 16. 10 15.70 14.85  14. 25 
·;.o 12 .. 90 13. JO 14.6o 15.35 16. oo 16.50 17.0') 17 .. JS 17.?0 17.70 17.70 l?.75 17.70 l'l . 5 5  l'l.25 16.45 :t5 . ?5 
7. 0 13.25 lJ.80 14.90 15.90 16. 50 17.10 17. lf.l 18.10 lS�-45 lfl.70 ld.85 18oqo 18.90 18.80 18.70 lR.OC 17. 30 
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Tabi.f� ') ( Continued )  ,._, .  
2 ... O.l Die noo � Cf,n1A>r { I.no. Ill) 
(in) y.:, ,,25 35 30 25 20 15 lO s 0 5 10 15 20 25 JO 35 .:n.25 
Dl : 1 0 in R = 1.1  in/ai.n 
o.o 2.eo 3�00 4.00 5 .70 6.JO 6.80 i,00 7.,15  7, 15 ·1.10 6� 80 6. 50 6 .. 00 5. 50 4. -5--� 3. 50 2,70 
0., 5  2.l-0 3.00 11--0 70 5.50 6 .. 10 6.f:IJ 6.90 1.00 ? .. 10 7.00 6.?0 6. 40 6.co 5. 45 , .. 70 . 3. 50 2 ,80 
1.0 2. 55 3.00 4� 55 5. 50 6.oo 6.J.r! 6.75 7.00 7.00 7.00 6. 70 6. '35 6. 0) 5. 50 4.90 4. 00  J.00 
2.0 2.65 J,2() 4.70 5.60 6.oo 6.65 6.90 7.05 7.10 7.co 6 .90 6.?0 6.40 6.00 5 .60 J..?5 4.00 
).,0 2.90 3. "JJ 4.70 5�tl.) 6. 40 6.85 7.1 5 7. 35 7. 50 7 . 35 7.25 7.1� 7 00 6.?'v 6.JO 5 .50 5&00 
5.0 3.20 J.&J 5.00 6.oc 6.85 'JS ) 7,.b'O 8.15 8 .. 40 8. 50 8.LD 8.40 8. )0 8 . 10 7.85 r1. 1.o 6.60 
7.0 3. 60 3.90 5 .50 6. 55 7.30 8.00 S.40 8.85 9.15 9 . 1.D 9.40 9 .50 9 .50 9. 45 9 .:f) 9.00 8 . 50 
Dl = 3.0 in R = 1.1 in/min 
o.o 4.clJ 5. 00  6.00 6. 65 7.15 7.W 7. 80 7.90 8.00 7.80 7. €fJ 7. 3') ·,.oo 6. 50 6�00 5 ,25 4. 50 
o. s 4.60 5.00 6.10 6.?0 7.10 7. SO 7,80 7.90 8.00 7.85 7.65 7.40 7.10 6. f:O 6.10 5 . 30  /i,., 70 
1.0 4.50 � •. oo 6.co 6,70 'I . 20  7.?:J 7.90 8.00 8.00 7.90 7. 70 7. 50 7.30 7 ,.00 6,, 1.r, 5 �7() 5.10 
2.0 1..70 � ')I) 6 • .)0 6,<:o 7. f.') 7.90 £ .. :!.5 e.I.,[) 3. 50 e.J.D a.JO fl.20 r�oo 7. SO 1, ;'J 6 (,,: 6.00 ..,,.,_ - -✓ 
.3. 0  ,� .. 90 5 . )0  6. 1.0 7, 00 7.60 8 .00 8.40 8 . U'.)  8 .60 e.eo 8.70 8 . 60  e. 50 t . 25 "/, 60 '! • I.[) 6 . SO 
5.0 5,.00 5. 50 6.70 7. lJJ s.oo 8 . 50 9.00 9.40 9 .60 9.70 9.70 9.75 9.80 9 .70 9. 40 a.co 7. 50 
7.0 5.4D 5.90 1' .20 8.10 B.70 9.1/J 9.80 10.25 10.60 10.80 10.90 ll .CO ll. 00  ll.00 11.00 10. 80 10. 50 
Dl = 600 1n n = 1.1  !.Il/ir.in 
o.o 7.JJJ s.oo 8 .80 9. 20 9 . 60 10.00 10. 10 10. 20  10.25 10. 15 10.00 9 . 75 9. 50 9.10 s.65 7.90 7. 25 
o.s 7.IJJ s.oo 8 .  70 9 . 20 9 . lO  9 . 90  10. 10 :to. JO  10. 40 10. 1 5  10.00 9 . 85 9.6') 9.JO 13.85  8 . 30 7. 50 
1.0 7.40 s.co 8.85 9 .30 9 . c-0  10.00 10. 15 10  • .30 10.40 10  • .30 10. 20 10.05 9.85 ' 9. 55 9. 15 - 8 .E-0 s .oo 
2 . 0  7.65 s .10 9 .00 9.45 9 .90 10. 25 10,40 10.70 10.?5 10. 15 10? 80 10.?o 10. so 10. 35 10. 00  9.80 B . Bo 
3.0 7.00 s .� 9.20 9.70 10. 10 10 .6� 10. eo  11. 05 u .20 1i .25  ll.20 ll.?.O 11.10 ll.00 10.70 10. 25 9 . 70 
s.o s.oo 8. 50 9.&:J l:J.20 10. 70 ll. J5 11 , 65 12.00 U.20 12 . J5 12. l.O  L1. 4'.5 12. 1,.5 12 . 45 12. JO  12 .00 11. 60  
7.0 8.30 8.?fJ 9.90 J.0. 55 11 .10 J.l.65 12. 10 U. 55 J.2.85 13.10 13.2� lJ.40 lJ. 55  1.3.60 13. 60  lJ .40 13.10 
Dl :a 9 .0 1n R = 1 . 1  i.L/u.1.n 
o.o 10.20 10.ao u.w 11 .90 l2�25 12 . 4.c 12. 50 12.65 3 2 . 75 12.t.5 12.45  12 . JO  v. . 1 0  11 . eo 11 . 40  10.eo 11 . 10 
0� 5 10. JO  10.cn 1J. .e5  u .1s 12.45 12 . so 12.90 13 .00 13.10 13 . 10 1J. oo  U.9G u . •,o 12 • .so 12 .20 11.60 :a . oo  
1 .C> 10.LD 11 .00 i2 .00 12 . 40 12 ,75 lJ. 10 l.3. )0 13 . 50 13�65 lJ. 70 13.60 !3. 55  13,45 lJ . 2 5  13.00 12. 50  11 , 80 
2.0 10. �5 ll .1 5  12.10 12 . 5 5  13.00 lJ. 35 l J. 55 lJ .. 90 L' •• ro ll ••  O} H.10 14.05 14.00 lJ.90 lJ . 70  13 . 30  12.60 
3.0 10.90 H . 5C• 12.LD l?. .90 l.J .4.5 14. ')() l f, . 25  11. .6o 1.1 •• ec 14.90 15.10 15 .20 1s .20 15.15  1s . 10 14.90 1,• • w 
7.0 11 . 30  11 .65 12.9-0 lJ, 60 ll,. 1 5  14� S 5  1 5.00 15.40 1 5.� 16. 00  16 .. 10 16. JO l. 6, /,.0 16. 55 16.to 16. 4_5 16.10 
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Table 2 ( Continued) 
02 - 01 D!5t&ice from Cooter (Inches ) 
(� ) Jr-. 25 35 � 25 20 15 10 s 0 s 10 15 20 25 30 35 J7.25 
Dl ::: 1 . 0  in R :::  0. 43 in/nin 
o.o 2.10 .2 . JO  J. 35 4.10 4.45 4.90 5.10 5. 30 5. 30 5.C',J 4.90 4. '70 I .. JO 1 .. 00 J .40 2 . 50 1.�) 
0. 5 1-70 :.>.2.s J.JO 4.00 4.40 4.85 5.00 5.05 5.15 5.10 l. .. 90 4.'/0 4.l:.D 4.00 3. 50 2. 65 2 .00 
1 .0 2.10 2.2.s .3.45 lulC 4. 55 4.90 5�10 5, JO 5.40 5. 35 5,, 21 5 .00 4. 70 4. 35 .'.l.90 ,.10 2. 1.c 
2.0 �.10 2 ,/.,0 J.65 4.35 4 . 85 5 . JO 5. 55  5.90 5.90 5.90 5. 75 5 .6o 5. 35 5.05 4. 70 4.10 J . 60 
3.0 2. 10  2.-�o ;. 50 l+. 30 4 . 70 5. 25 5 . 50 5 . 80 5 .90 6.00 5 .85 5.� s,,so 5.t-0 5 • .:30 4.90 4, ).) 
s.o 2 .10 2. 55 3. 7,) 4. 50 5.10 5, 65 6 .00 6. 3� 6.6o 6. 70 6,80 6 .. 85 6.35 6. 85 6.e;  6. 55 6.10 
'1,0 2.20 2 . 80 4.25 5 ,05 5.80 6.45 6.90 7G'YJ ,, .&:J 7.&> s.oo . 8.20 8.25 8 .35 8 . 3 5  8. 25  8.10 
- � 2.50 J.00 4.,J,O 5 • .30 6.oo 6.80 7.20 7.70 3.10 8 • .30 8. 50 8 .?0 3,, 80 8 .90 9 . 00  - �- 00  9.GO 
Dl = 3.0 in n = o.48 in/min 
o.o 3.90 J..�15 4. 50 5o40 5.70 6. 00 6.15 6. JO 6.35 l.30 6.05 5.85 5.� 5 • .35 4.25 '►. �o J. 70  
0. 5 J .70 4.10 4.�0 5 • .):) 5.60 5 .?0 6.10 6. 20 6.JO 6.15 6.oo 5.90 5 .60 5 . 1.D 5.10 4. 1/.J 4. 00  
1.0 A �  ✓ �  , \..  1, . X) L. � 80 5 , 30 5.(:{) 6.oo 6 .. 10 6. 25 6. J5 6. 30 6.20 6.10 5. 90 ; �  7.> 5.t,(l . 4.95 4. 30 
2 .0 4,.60 5. 20 5�00 5�45 5 .80 6. 15  6. 1,,0 6. 55 6.75 6. 85 6.65 6. 6o 6. 55 6.,.o 6,. 25  5 490 5. 50 
.3.0 4.00 4.20 5.10 S.60 6 ,0'J 6.40 6.70 1. 00 7.25 '1.25  1.20 7.25 '7.20 7.10 7.00 6. eo 6 , JQ 
s.o 4.10 4. 50 .  5.J5 6.oo 6. 1,5 7.00 7."JO 7. EiJ 7.90 8.00 8 .20 8 . JO 8.35 8 . 35 _8 . 30 s.20 8.00 
6 4.10 4.70 S .. 70 6030 6. 80 7 .. 40 7.80 8.15 8. 50 8.70 B.eo 8.90 9.00 9 . 10 9.!0 9.10 9 . 10 
Dl = 6.o in R = O.M1 in/min 
o.o 6.60 7.15 1.10 8.00 8.20 s.1.p s . so 8. 65 8 .65 8. 55 8 .40 8.30 8 . 15 7.90 '7.f:cJ 7. 10 6.40 
o. s 6.70 7.20 7.70 8.00 s.20 e.40 8. 50 s .60 3 .60 8.60 8 . 50 8. 50 8. 30 8. 20 7.90 7., 55 7.00 
1.0 6. 65 7. 2J 7.75 8.00 8.25 s. 50 8.€0 8. 75 s.so s.so 8.75 8 .?0 8.60 8 .40 8. 20 ·1. 90 7. JO 
2.0 6. 80 7.25  7.?5 s.1s S.40 8. 65 8.75 9. 00 9.05 9 . lC• 9. 15  9 . 20 9.05 9 .00 8 , 90 8.75 e . 20 
3.0  6.80 7.40 8 , 00  8. J5 8 . 65 . 9.00 9, 20 9.1.:-1 9 .60 9a65 9 , 70 9 .75 9 .&> 9. 75 9.60 9. 50 9 .10 
. ¢.  <>.90 7 .60 8,20 8.70 9.10 9. 50 9 .75  10.00 10. 25 lC, 4O 10. 6c  10. 75 10.85 10 .9() J..l.00 n.oc ll.00 
Dl  = C,.O !.n . R = o. 1.S in/lll.1.!:. 
Or O 9.60 10. 10 J 0. 6()  l0.S'0 l.l .00 ll . 10 ll .20 1 1 . :30 ll. 30  ll .20 11 . 05 l.l.C() 10.90 10. 75 10. 55 10 . 10 9.W 
0. 5 9. t:-0 10. 10 lo, 60  10.eo ll�CO 1 1 , 10 11.20 11 . 25 ll. 30  l! , )� 11 .20 ll . 15 11. 00  10. 90  10 . 80 10. 45 9. 80 
1 .c  9 . Co 10�15  l0.65 lC.90 11 , 05 11. JO 1.1. . J5 ll .40 :U . �-O 11 . 50 11 . 45 11 . IJ) 11 . 30  11 . 20 ll. 10 10.90 10 . 50  
2o0 9.70 10.?.5  10.70 11.05 n.20 11.1.0 u . so lJ. . 70 11 .f.o ll. &J  11.85 11 .90 l.1�90 ll.�5 11. 85 ll .60 ll ,20 
3.0 lO. J O  10 . l.D 11 . 00  11 • .35  11 .UJ 12.,00 12.10 12 . JO U.50 12 , cO 12 .70 1 2 .70 12.70 12.eo 12 , 70 12. 50 12 .20 
6 10.10 l0, 50 11 , 35 ll . 70 12. CX) 12. J5 12. bo 12 . 85 lJ. 10 13.25 lJ . 50 lJ. 50 lJ . 60 lJ.65 lJ .70 lJ. 75 lJ.8 
6 fo�1.t1on o: tho plll.'eat,,!.a evrt'ec �,�:,. tl1. nov 1o !'ro:=i t� l"""'r cr.ttle·t. 
AJ.?PE 1iDIX B .  l�alling Phre at i c  Surfac e Elevat i ons 
( Hori zontal Starting Surface )  
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Table 3. Falling Phreatic Surface Elevations (Horizontal Startlng 
Surfa ce ) 
TiAc Dists..nce frc:.c �te.r { fri�n., s }  
(atto) )6 .. �5 >5 x, - r-L.. ';)  :�:> 1�  10 5 0 5 10 15 20 25 )() 35 ,37.25 
!>l :: 1,4.0 in �2 - :01 = o .. c in 
0 6..40 6.6o 7.� s.oo 8.1.l) 8. 7'J B.'?O 9.00 9.CO 9 . ((' B.65 8.70 s.�o 8 0 lQ. 7.4-5 6.75 6.&) 
19 4.80 ,.10 6.10 b.ro 7. YJ 7. 55 7.85 s.c-•'J 8.00 s.oo 7.80 7.60 7./J) 6.90 b. JO � . 35 �.co 
)4 J.W L.-.20 5.00 5'.70 6. 20  6. 50  6. ?'J 6.90 7.CO 6.90 6.80 6.70 6. JO 5.90 5 .  30 4.(J') 4. 20 
57 2.80 ).15 4.. ))  4 90 5.).'.) 5.60 s.ss 5.W 6.oo 6.oo 5.9() 5.60 5.40 5.CO 4.40 ).W J. 20 
90 2.00 2. 9.) J. 50 4.00 4..35 4..65 4. 85 4. 90 5.00 5.ro 4.90 4.75 , 4.40 4. 20 3.65 2.ac 2. )0 
us 1 . 50  1.90 2.:ro 2.::0 3. 1.0 J.6, J.80 J, 90 4. 00 4. 00  3.80 3.70 3. 50 3 .� � .$0 2. ;'0 l . 60  
165 1.00 l,. 50 2.15 2.,.(0 2.70 2 .. 8.:> 2.90 2.90 3.00 :J�CO 2;90 2.w· �; 65 · 2 ,45 2�20 1 ,80 l � <X) 
236 o.ED 1.00 1. 4-5 l .. o5 1.so 1.90 2.co 2.00 2.co 2.0') 1.9� lc'3'0 1. 80 1 . 65 1 .. 45 1. 20 n . 55 
w. ':J.40 o.60 o.?,0 0 .. 90 1.00 1.ro l.Ci'.) 1.ro 1.00 1.00 1.00 0.95 0. 90 o.85 0.'15 o.65 o. w 
451 o.io 0. 50  o.w n.1c C.75 c.75 o.75 o.;.75 0,75 o.7'5 0.75 C.70 o.r,'O o.65 0. 55 0.40 O. ;O 
Dl = l.l..,O ln. .D2 - Dl :.:  G . �  in 
Ci 6. 50 6. ;o ·1.�5 C .. C5 8 , i.; 8 7� !\9'j s:.co 9.CO 9.00 9. :)) f:. :;0 a.&J 8. 30 7.&:J 7.10 ,, . ro  
25 4o70 �<;'(' 5.90 6 .. "(J 7 . 20 7, 50 7.75  s.o, e.oo P..co 7.?5 7.,. ":'C 1.1{:J 7. J :)  6.45 5.65 5 .. 2') 
J.)', 3. 40 :;.eo 5 .. 00 5,. f'.) 6 .20 6.40 6. 7'.J 6.90 7.CJJ 7. C•J 6.ix> 6. 5C 6.70 e.10 5 . ::-0 -'► • :I)  �.20 
72 2.70 J.00 4.20 1. r-0 ;i . 20  5 . 55 $ . &) 5 .90 6.0'J 6.00 5 .90 5 , 70  5.45 5 • .  w 4.':'0 3.SO .3 • .(,0 
10.3 l.90 2.4-'J 3.40 J.90 4. YJ 1-...f.:IJ 4,So 4.90 ; .. co 5.l'O 4. 50 4. 75 4. 50 4. 'JO 3.90 J.15 2. 6::, 
140 l.JO 1 .80 2.80 3 .. 20 3.40 J.65 3.90 4.CO 4.C.O 4.CO 1�00 3 . E 5  3.70 J. 40 '.3.20 2 • .S:i 2 .co 
192 0.90 1.4D 2.10 2.:):) 2.60 2.80 2.90 J�OO J.00 3.00 3.CO 2.90 2.80 2 .65 2 .35 2.00 1. JO 
278 o.6.J 1.00 1 .35 l.�5 1.eo l.P-5 1.90 2.00 2.00 2.00 2.00 2.05 1.90 1.es 1.70 1.45 1.00 
345 0. 50 o.so 1.10 1 .. 20 l.,JO l.;5 1 • .ro 1 .45 1 . 50  1 .50 1. 50 1. 5{) 1./4.5 1 .40 1.35 1.20 0.90 
475 o.J,Jj o . Eo o.so o .. 85 0.90 C.95 l.'.X> 1.00 1.00 1.00 1.00 1 . 00  1 .00 1 . 00  1.00 0.90 o.·to 
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Table 3 .  ( Cor tinued) 
Dietanc-1 t'Nni Cent r (Toe.he ) 
( eo)  .Yt.�5 35 30 ::. 5 � l� 10 5 0 s 10 15 20 25 JO 35 17. 2, 
Dl z: ll •• o in D2 - Dl = l .C  in 
0 6.20 6. 30 7.20 7.85 a.JO s .b5 s.oo 9.00 9.00 9.,00 9.00 e .es 8. 6.5 8. 30 7.60 7.20 ''i\ 00 
� 4.50 4.70 5.eD 6. 50 7 . 10 '/ . 4.5 7.70 7 ,90 s.00 s.ro 7.90 7.E'".J ,. 5-') 7. 20 6. 55 5.SO 5. 50 
4� J., -40 J.70 1 •• 90 5.55 6.oo 6.4D 6.75 6.90 7.00 7.00 6.95 6.BO 6. 50 6. 25 5 .65 4.90 4.l;{J 
72 2.6:> J.O'J J. 15 i,,.70 5� 20 5 . 50 ; .10 5.90 6.oo 6.00 6.oo 5. 85 5.60 5 . 35 4.90 4.20 3.90 
105 1.eo 2.35 ,4:0 3.90 4.. 20 , •• 50 � .  eo 4t90 5.0') 5.00 5.00 4.85 4.70 4. 40 4. 20 3 �40 J.00 
14.6 1.25 1..80 2. 75 J. J.0 3�J.0 J.65 :,.eo 3.90 4.00 4�00 4.00 3.90 3.80 J.60 3. 30 2.80 2� 20 
201+ o.$0 1.40 2.00 2.30 2. 50 2.75 2.90 �.95 J .oo J.00 3.00 J.oo 2.90 2 .80 2 .65 2 .. 25 1 .eo 
m 0.10 Oe95 l.JJ 1 . 50 .l.65 1.80 1.85 1.90 2 .00 2o00 2.00 2.co 2.00 2.00 2 ,S5 1.70 1. 30 
J.06 o.50 o.75 1 .00 1.15 2 . 25 l • .3C 1 .35 1.40 1.45 1.45 1 .50 1. 50 1.45 1.45 1. 40 1.40 1. 30 
65'/ o.:w 0.40 o. 65 o.75 O.&'> o.B� o.e7 0.9O 0.90 0.90 0.90 Oo95 1.00 1.00 1.w 1.00 1.c:o 
-Pl = 1.4.0 in D2 - Dl ::: 2 .0 h\ 
0 6.oo 6.20 7.10 1.ao a.:20 8 . 50  8 . 80  8.90 9.W ?aOO 9,C') e.�5  8.60 8. 40 ;. 90 7. 25 7.00 
24 ,:.,20 4 , 50 5.70 6.40 6.90 7. 3() 7. f:t.J 7.So 7, 90 8000 8.C'O 7. £0 'I . clJ  7.25 6.80 6.oo 5.lo 
l.,S :,.� J . 5() 4.20 5. 50 6.oo 6.30 6.  70 6.85 7.00 7.00 7.ro 6. es 6.65 6.4D 5.90 5 . 25 4. eo 
77 2. 50 2.eo 3.00 4.f:JJ 5.00 5.1.D 5.65 5.80 6.oo 6.oo 6.oo 5.90 5.80 5. 50 5 .20 4 .. 50 4. 00 
114 1�80 2.20 .3.)'J .3.70 4.15 4. 1.fJ 4. 65 4.a5 4.90 5o00 5.00 5o00 4.85 4.65 4.40 J.85 .3 . JO 
116 2.20 2.10 2. 55 2.90 3 • .30 3./40 3 . 60  J .80 . 3.90 4.C..() .  4.00 4.00 .3.90 J.80 3.60 3. 30 2.eo 
244 0060 1.3C 1.90 2.20 2 . :?-0 2. 50  2.70 2.eo 2.90 2.95 3.00 :-;.ro 3.00 :,.oo 2.90 2.80 2� 30 
.3U. 0:70 1.10 1.55 1.75 1.85 2.00 2.15 2 • .20 2. 30 2.35 2.40 2. 50 2. 50 2. 50 2. 45 2. 40 2.20 
44b 0.50 o.eo 1.10 1. 30 1.1.0 1 .50 1. 55  l.6o 1.70 1.80 1.85 l.90 1.90 1.95 2.00 2.00 2.00 
Dl : 14.0 in D2 - Dl = J.O in 
0 6.oo 6. 20 6. 85 "/. 65 8.10 8.45 e.?C 8.85 c,.oo 9.00 9.r..o 8. 85 8.70 8.45 s.05 7o l5 ·,.ro 
;u. 4>20 4.50 5.  7-) 6. 40 6.90 7.']0 7. l-O 1.eo 7.95 e.oo a.oo 7.90 7.eo 7. 4-"J 7. 10 6. 30 6. 00 
!52 .3.25 ).� 4,, 70 .5. 35 5.90 6.25 6. 55 6.eo 6.90 7.00 7.00 7.00 6.85 6.60 6.w 5. 60 5. 20 
86 2.JO 2.70 3. 80 4.45 4e90 5.20 5. 50 5.� 5.90 6.00 6.00 6.00 5. 90 5.80 5. 45 5. 00 4 :,0 
1.30 1.10 2, 20 J.15 J.E-0 4.00 4.25 4.50 4.?0 4.f,O s.oo 5.00 5.00 5 .00 4.8, 4. 70 4. )5 4 •. 00 
196 1.10 1 .6o 2 .IJ) 2.80 3 .0C .3. JO 3.45 J.�) J.89 J.&) 4. 00 4.00 4 . 00 4.00 J.95 .3. BO  3 . )0  
250 o.90 l � J.5 2.00 2., ).) 2. 50 2 .80 2.90 J.05 ) .20 3. 30 .3 . 2 5  .3 . 1.0 J.45 3.JJ:) J .40 3.46 .J. 30 
335 O.'i'C 1.15 l .f5 1.65 2.00 2 .20 2. JO 2o3S 2 . SO  2.70 2. ';-0 2.80 2 .90 2.95 J. ro J. 00 J.oo 
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Table 3o  ( Continued) 
Ti� Dht nci, .frM C,,\ti.tor ( facho s )  
( .c) 3':-�25 )5 JO �5  20 15 10 s 0 5 10 15 20 25 30 J5 Yt.25 
Dl = l/.,.0  in D2 - Dl � 5.0 in 
0 5. 5() 5. 7\) 6,70 7. 40 7.90 8.25 8. 50 a.so � .90 9.ro 9.00 9.00 8. 85  8 t 75 8. 4!) 7.65 7. 'YJ 
31 4.,00 4.30 5.30 6.0) 6.70 7.00 7.J5 7.70 7.80 8.00 s.oo s.oo 7.95 7 .S5 'I. 55 7.ClJ 6. 5-� 
67 2.90 3. ;X) 4.35 5.,0, 5 . 50  5.90 6 • .30 6. 55 5.75 6.90 ,, .oo .. ,.oo 7.0C 6.95 6.75 6.35 6 .00 
117 2.00 2. 50 J.5() 4.00 1 .. 50 4. 85 5.10 5. 40 5. 55 5.80 5 .90 6.00 6,00 6.00 5.95 5.75 5. 40 
15J l.$0 i. 20 J.10 3.l-0 luOO 4. 30 4. 55 4. 80 5.00 5.20 5 .))  5 .35 5.40 5 . 50  5. 50 5./J) 5 . 30  
182 1. 40 1 .90 2.90 3.25 J.65 . ) .90 4. 15 4-. 40 1�. (:/J  4.80 4.90 5.00 5.00 5 .10 5 20 5.2() �.10 
20) o. )) 1 .85 2.70 3.10 J. l,O J. 70 3.95 4.15 4. .30  4.50 4.70 4.80 4.85 J,...9-0 5.00 . 5 .0:..' 5. 00 
):)� o.90 1.5() 2.!0 2.40 2. 65 2.S5 3.05 J • .30 J.JIJ J. 55 J.70 J.80 J.90 3.95 4.,00 4 ,00 4.00 
Dl = l.1,..O in D2 - D1 = 7.0 i.n 
0 ·6;m 6.55 7.l.D 8 .05 8. 50 8.85 9.05 9.25 9.)0 9.45 9 . 50  9.45 9.1/) 9.35 9 . 25 8 .75 s.).'.) 
20· 5.ro 5. :o 6.. J.) '7. c,5 ?.55 s.oo S.35 a.&:1 s.so a.ss - 9.00 9. 00 9.00 8 .9G s . 75 8 .35  7.  70 
40 J...20 J..!P 5�� 6. :4) 6.85 7.20 7 .. 65 7.90 8.20 8. 30 �.40 s.� 3.1,5 8 . 1;.0 & . 35 a.o5 7.W 
6) J,.1,0 3.,?0 4.90 5 . e-5 6. 20 6. 60 7.00 7.35  7, YJ 7.70 7.85 8,.00 · e.oo C.OJ G.CO 7,.70 7�40 
91 2.90 3.20 4.30 5. co 5 . 50 6.00 6.25 6. 55 6.80 7.00 7.25 7. '30 7.JIJ 7 , 35 7 . 35 7. '!/J 7. 20 
no 2.40 2.90 4.00 4.70 5 . 20 5.45 5.90 6.20 6,40 6.70 6.80 6.90 7.00 7. 10 ? . W  7.W 7 . 20  
127 2 • .30 2.70 J.&l l .. l,J) 4. 85 5. 25 5 . 60 5. 90 6.10 l. 35 6. 55 6.70 6. 80 6.90 7, 00 7.00 '7,00 
194 1 .80 2.00 3.10 3., &) 4.00 4. 30  1.,. r:.o  4.90 5�00 5 .30 5 .JIJ 5. 50 5.oO 5;70 5.85 6.oo 6,00 
366 o.90 1 .. 40 2.10 2.JIJ 2.70 2 .90 J.05 J • .20 :3 • .35 J.5() J .65 J.75 J. 85 J.90 3.95 4.00 4.00 
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APPEN DIX C .  ]1alling 1?hre at i c  Surfac e E l evat i ons Co _le ct e d  
From Ho ri z ont al a11.d St e ady St at e  St art ing 
Surfac e s  
T bJ.e 4. Falling Phre'"'tic Surface Elevations Collected From 
Horizontal and Steady Stato Starting Surfaces 
Dl = D.� = 14. 0 in 
libta.nca froc Cont.er ( Inchos ) 
20 15 10 5 0 
S�ady State Starting S-:.triaco 
5 10 15 20 25 :5 J7.25 
0 18. 2! 1$ .4.0 19 . '70 20. L.D ��90 21 . 15 a.  21. 60 21.70 21 . EG 21 . 50  21 . 25 21.00 20. 60  2C .O:) 19 .00 18.60 
12 1s.25 1s�t.0 19 .65 20. 40 20.ss  21 . 1s 21.t.0 21.6S 21 . ?0 �.60 21. so 21 . 30  21 .00 20. 55 20.00 19.00 1s.60 
6{, 17. lO 17.90 1 9 ,10 19. 80  20. 30  20. �5 20.85 21.00 21�00 21.00 20 .90 20 , 70 20.40 20. 00  19 . 45 18. 55 1e .�'O 
93 l.i. 75 17. 10 18 ,30 18 .. 85 19 . JO  19.60 19.00 19.95 20.00 20.00 19 .85 J.9 , 70  19.40 19 . 10 lS. 50 17 .60 17. 2 5 
1,.2 15. 90 16. 35 17 . 45 18.00 18 . 35 :!S . 65 B.85  lS ,95 19.00 i8 ,95 18 .90 18 ,  70° l�. 50 18 . 10 17.65  :6A::'l.5  J.6. 40  
157 15. 40 1 5 . 85 16. 80 17.20 17. 50 17. 75 17.90 18.00 18.05 18 , 00  17.95 17 . 80 17. 60  17. 3 5  17.00 16. 30 15, 70 
206 14,80 l � . 40 16 , 10 16.40 16.70 16.80 16.90 17.00 17. 00 17.00 16.95 16, 85 16.70 16. 50 16. 20 15.rJ 15 ,00 
29� 14 , 50  l..4 .90 15 , l.O 15. 55 15 .?0 15.80 15.85 15. 85 15.90 15 .85 15.85 15 .80 15.70 l � . EO 15. 40 15.20 14 , 60 
4J4 11,...Eo 14. 80 14.90 14. 95 15 .00 15.00 ) 5.00 15.00 15. 00 15.00 15 .00 15.00 14.95 14 ,<?0 4.80 14. 70 14. 40 
Dl = D2 :: 14.0 1.n Horizontal Sta.r'.,inr Surface 
:; 20.20 20. 1..0 ;,..1 . :;.:,  21 .90 22 . 30  22 . 65 21 , 85 23.00 23. 00  23.00 22 .95 22.80 n. 50 22 . 15 .;.1 , 65 :n.co 20.e5 
20 1s. 6� 18 . GO �-9 ,90 20 . 10 21 .20 21.55 21 . eo 22 . 00  22. 00  ,2.00 n .• 90 21 ?o n.30 21 . •  00 .::-0. _15 1c; . 50 1q .25 
29 18 . 2·:J 18 . 35 19. 50 20. 25 20, 70 ;> ..1.10 21 .40 21, 50 21 . 55 21 , 55 21 . 50  21.25  20.95 :::0. 55 l'} , 85 19 .00 18 , 80  
u 11. 50 11.ao 19.00 19.10 20 .20 20. 50 �0.w 20.95 21 .00 21.00 20.90 20. 70 20. 40  19.95 19 . 35 is . so  ie . �o 
66 16.?0 17.oo 1s .25 1s. ss 19. XJ  19. 60 19.Ss 19 .95 20.ro 20.00 19 .90 19 . 70  19 . 50  19. 05 1g. 50 17. 60  11.20 
93 16c OO 16.40 17. 50 18. 00 18. 35 18.60 18 .85 18.95 19 , 00  19. 00  18.90 18. 70 18 . 50 18. 1 5 li .70 16. 85 16 , 45 
128 15.JO 15.80 16. 75 17. 20 l?. 50 17,70 17.90 13 .00 18 .00 18 .00 17.90 17.80 17. 55  17. JO 16.90 16. JO  15 .70 
176 : 14.95  1 5 .45 16.15 16. L5 16, 75 1G.80 16.90 17.00 17. 00 17.00 16.95 16. so ·16. 70 16. 50 16.27 15 . 70 15 . 10 
249 14. so 15.00 15. 50 15. 65 15. 80 15.90 16.00 16.00 16.00 16. 00  16.00 15.90 15.so 15. 10 1 5 , 50 15 . 2 5  JJ,. ?o 
'39'/ 14. 40  14. ?o 14.80 14 ,90 14 .95 1s.oo 1s .oo 15.00 15 .00 15. 00 15,.00 15.00 14.95 14.90 i..: .. so 14. 10 14.4.o 
561 14 • .30 14.40 14 . 50 14.5-:) 14. 55  14. 55 Lt... 55 ]4. 55 14. 55 14. 55 14. 55 14. 55 14. 50 14. 50 14 .45 11.. 40 14 , .30  
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APFCHDLC D .. Falling .t?hre at i c  Surface · Elevations 
( St e ady St at e Start ing Surface ) 
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Table 5 .  Falling Phreat.ic Surface Elevations (Stead State Starting 
Surfa .e ) 
I>btanOG fro:n Ceot r ( L"lo�s )  
30 2 ,  20 15 10 s 0 
02 - Dl = o.o in . R i: 2, 4  in/Ill.in 
5 :i.O 15 30 35 17.25 
0 l e?O 7.00 8.� 9.25 10.05 10. W ll.00 11.20 ll. 35 ll.C5 l�.80 10. 55 10.00 9.JO 8 . :o 7. 20 6.40 
n 6.Go 6. Bo s.oo 9.05 9.&> 10.1.0 10 • .65 11.00 n .. oo 10.90 1c.w 10 • .:0 9 ,80 9.10 a.20 1.00 6.60 
54 s.:w 5.50 '1.00 s.ro s:ro 9.40 9,70 9.90 10.00 9.90 9.7•J 9.40 s .. cs s.20 1. 2s 6.oo 5. 50 
97 4.lv 4.50 6.05 7.00 7o7; 8., 35 6,65 8.90 9.00 8.90 Z.70 8.25 7.85 7. 20 6.JO 5,05 4, 45 
146 3.?.0 J.(i) 5.1 5 6. 10 6.85 7. 1,f) 7.1✓.J 7.90 8.00 7d9C 7. 70 7,,.40 6.90 6.30 5 .1,,D 4. 20 ; .50 
207 2.40 3. 00 4.40 5 .)J l.oo 6. 50 6.70 6.90 7.00 6.9u, . 6.70 6.40 6 ,00 5. 40 4.f:,J J , 50 3. 1.i"J 
2a; 2 .00 2,.35 3.60 4. 50 s. 10 ,;so 5.so 5.90 6.oo 5 ,90 s .?5 s . 45 5.10 4.60 4.00 i. eo 2 .. 00 
S75 1./A 1 .70 2 . 50 3.00 3. 40 J.?O 3.90 1 .00 4.00 4.00 3.85 3 .60 3 ,JJ J.O� 2 ,60 1.90 l . JO 
900 l,JJ 1 . 50 1.95 2, 35 2 .60 2,80 2.95 3.00 .3,00 J .00 2.85 2. '70 2 .50 .2  • .30 2,00 1. 55 1.10 
1350 1 .15 1 , 30  1 , 6)  l .�O 2.10 2 .10 2. 25 2 • .30 2. JJ 2 . JI)  2. 20  2 ,05 2.00 1 . 80  1 . 50  l • .J:J l.�00 
Dl :-: 1.0 in D2 - Dl = 0.5 in R :: 2. 4 1n.,/2ni.n 
0 i0i..'O 7 . 25 8 . 5J  9 .00 10. :,5 il .00 ll , 30  11 .60 ll , 70 ll. 50 ll • .>O ll.00 10. 35 9.6o S. 60 7.25 6.80 
�8 6. t,_D 6. 55 ?,90 8 .90 9 ,70 lCJ JO J O.&) 10 , 80 1..1.00 10·,90 lC . ?O  10. Ju  9.75 9o00 S.00 6.75 6.20 
107 4.20 4. W 6.00 7. 00 7.70 S,JQ 8.60 8.85 9 .00 8,85 8,65 8 . 30  7,80 7.10 6. 25 5.CO 4. 30 
212 2.1,,0 3.00 �40 5 . 30  5 . 90 6.40 6.70 6.90 7.00 6.90 6.'70 6.40 6. 00 5 .40 4.70 3.50 2.70 
JOl z.oo 2.L..f> 3.60 4. �5 s .os s. so 5.70 5 .90 6.00 5.90 s.10 5.45 s¥io 4, (;JJ 4.00 J.10 2.1; 
1.00 1 , 50  2.00 J .05 J. '7Q 4, 20 4.60 .l,..80 4 .90 5 .00 L.90 4. 75 4. 55 4. 20 J.85 3.35 2 . 55 1 . 80 
579 1 • .30 lo 70 2 . 50 .:; . co 3 .4[) 3. 70 .3.90 4.00 4.00 4.CIJ J .. 90 J. 70 3.40 3 .15 2. 70 2.20 1 .60 
979 10 ):) 1.50 l.'?5 2 .30 2 .W 2.?5 2.90 J.00 .3.00 J.oo 2.-)0 2,75 2 .6c 2 .40 2 . 20 1 . 85 1 . 50 
1345 1.,15 1 . 25 1.60 1.90 2.15 2. 30 2.40 2.45 2. 50 2. 50 2 .40 2,JO 2.20 2 .05 1.90 1.70 1 .40 
Dl = 1.0 in D2 ,w Dl = LO in R :-: 2�4 i.n/mln 
0 7.'2!J 7. SO 8 .tx> 9.?0 10. 50  11 .05 ll .40 ll. 75 12.00 11. 80  :n . 50  ll. 20  1.0.60 9 .90 9,00 7. 70 7. 35 
24 60 20 6.45 7.&:J 2.80 9.65 10. 30 l C.lO 10. 95 11.00 10.90 l0.£0 10. 40 9 . 85 9 .15  8 .20 7.05 6.60 
61► �.oo s • .30 6 .eo 1�e1 �.Ge 9 .:,,0 9 ,t/j 9 ,s5 10.00 9.95 9. 75 9,!J) s .ss s.15 7. "JO 6.oo 5. 50 
107 4.00 4."JO !:i ,80 6.90 ? ,70 8, .35 8 ,?0 8 .90 9.00 8 .90 8.75 s . ,.o s.oo 7.25 6. 45 5 .15 4.40 
159 J .00 J. 50 5.05 6.00 6.P,O 7. 25 7. ft) 7.90 8.00 7.90 7.75 7.40 7.00 6. 55 5. 60 4.45 J . '/0 
:no 2.00 2.):) J .w 4.45 5.00 5 . 45 5 .?0 5.90 i. oo 5.90 5 .. 75 5 . 55 � . 20 .�90 4, 25 J. 40 2.60 
431 1 .40 2 . 00 J .00 3.65 4.2 5  4.1.0 .:.so 4.95 5 .00 4.9 5 .l. .80 4,65 4. 30 4.05 4. 80 J.00 2 .):) 
6Y3 1 . 35 1 . lo 2 .1..� 2.90 J . Jo J .lo J .�s  J .90 4.00 4 .oo J.90 J .70 J . 50  J. JO J .os  2.6o .· � .15 



































5 .  ( Continued ) 
36. 25 )5 )') 
Dl = l. O in 
7.15 7.35 8.65 
6.00 6.25 7 .M 
4.'-XJ 5 .20 6/70 
3.90 4.20 5.70 
3.00 .M6 5.00 
2.20 2. 80 , •• 10 
1.60 2.20 3. 55 
1.30 2.00 2.90 
] .3:' 1 .70 2 .. 50 
l .>-1 1., 50 2� 30 
Dl ::: 1 .0 in 
7,()() ., �":tJ s .. -so 
6.oo 6. 25 "7. (:/J 
4. 80  5.20 6. 65 
.1.60 4o20 5.75 
.,.co J.J.O 4.90 
2.10 2 .70 4.15  
1 .60 2 .25 3.50 
1.40 2.00 .3cl0 
1.10 1 .80 2.80 
1.10 1 .70 2. 50 
1 ,10 1. 50 2 .10 
Dl == 1.0 1:n 
Dta�noe r�o� C�nt-er (lnohe3 )  
2! � 15 10 5 0 5 10 15 20 25 
D2 - Dl = 2.0 in R = 2 • '• in/lrin 
9�70 10.t.0 n.3, :u.ss 12 .00 12.15 u.10 n.so n.&> u.oo 10 • .t.0 
s. 70 9. 55 10.� 10 .55 10.e5 n.oo n.oJ 10. eo 10. :,0 10. 5 
7.7') s.6o 9.25 
6.SO ?.(:JJ 8.20 
5.90 (:. 70 7.2D 
5 .10 5 .80 l,.JO 
A. JO 4.90 5, 25 
J.60 , .. 10 4. 50 
J. 08 J.IJ) J.70 
2.70 J.;:,o JS ) 
D.c. - m. = J.O in 
9.&i 9 .90 10.00 10.00 9. eD 9. 50 9 .10 
s.ss 8.85 9 .. 00 9.00 8 .80 s. so s.10 
7.55 8.80 s .oo 8 . 00  7.&J 7. 55 , 7. 20 
6.60 6. 85 7. 00  7.00 6.85 6. €-0 6. 30 
5.60 5.90 6 .oo 6.00 5.85 5. 70 5. 40 
4.70 4.90 5 .00 5.00 4.90 4.85 4.65 
�00 4.15  4.. 30  4,, -y:, 4.JO 4.25 4.10 
J.75 J.85 4�00 � .• oo , . . (,'() J.95 J.85 





















9�e-0 10,60 1 1 . 30 ll . '70 12., •Xl 1.?.� 30 1,-:-.w ll.90 ll.70 11. 30 10.?0 10. 00  
8 .  ?O 9 . 55 1�.20 10. tO  l0.85 lJ . 00 o.95 10 .so 10.w 10 • .,0 9 . 80  9 . �!0 
7.70 s . � 9.20 9. 55 9.80 10.00 �.OJ 9.90 9. 65 9.25 B.'15 8 10 
6.70 ., • 55 c .2-1 8 . 55 8.80 9.00 9.00 8.90 s.65 8.JO 7.90 7.25 
5 .l',O 6.{;JJ 7.20 7.60 7.85 s.oo s.oo 7.90 7.70 7.JI) 7.10 6. 50 
5.00 5. 70 6.JO 6. 50 6.80 7.00 7.00 6.95 6. 80 6. 55 6.;0 5 90 
4.20 4.80 5 • .30 5. (JJ 5.85 6.00 6.oo 6.·oo 5 .90 5 . 75 5. 50 5. 25 
J.80 4.1.D 4. 8S 5.05 5 • .35 5 .50 5. 50 !'i. 50 5.45 .5 • .35 5 .20 5.00 
.3.!.0 .3.90 4. 35 4.60 4.80 4.95 5 .00 5.00 5.00 4.95 4.85 4.65 
J.00 J.IJJ J.80 4.05 4. 25 4.40 4. 50 4. 50 4. 50 4.. 50  4. 40 4. 35 
2. 50 2.90 J.20 3.L.f) 3.W .3. 75 .3,,90 3.95 4 .00 1..00 4..CIJ 4,00 
D2 - Dl � 5,0 in R = 2.4 in/.o!.n 
35 n�2s 
8.J!i a.oo 
7 . 50 7 .�5 , 
60 &'.> 6.00 
5.7'0 5 . 40  




J. 50 J.15 




6. 40 5 . 75 
5 .8-1 5 . 50 
5 .25 4.60 
4.'to 4, 40 
4.65 4.JO 
4. 50 4.20 
4. 25 4.10 
4.00 4.,00 
7.65 7,$5 9,15 . 10.}0 ll.20 U .9� 12./20 12.s5 1.3.<X)' l.3.00 1.3. 00 12.90 u.� 12.15 1.1 . 65 10.70 10 , 4,0  
7.2:J 7.40 8 ,60 9.70 10.w u . .w u.so 12. 20  12 . so  12.00 1.2. ,0  12. w 12.05 11. 60  11 .05 10.20 9.SO 
6. � 6.eo a .10 9 .20 10.10 10.90 ll • .30 n.10 12.00 u.oo �.oo 1.1.eo ll . 55 11.15 10 . 55  9.70 9. JJ) 
S.J.D 5.':'0 7,10 s • .20 9 . 15 9.85 10 • .30 10.70 10.-?() 11.00 11.00 J 0.90 10.00 10. 25 9 .70 8.90 8. 40 
4.JO 4.75 6 • .30 7. ;0 e. 1 5  8.S5 9 • .'.X) 9. 65 9 . 85 10.00 10. 00 9.90 9.65 9. JO 8.90 e.20 7,?0 
J.JO ,.70 5.LIJ 6. 35 7 .15  7. 80  8.25 s.w 8,90 9 .00 9. 00 6.95 8. 75 a. so s.20 7. &J 7.00 
2.X> ,.co 4. 50  '>. t.:J 6 ,20 6.90 1.-;:::; 7.(/J 7.85 e.oo 8.00 a.oo 7.9'0 7. 7S 7. 50 7.1, 6. 70 
1.60 2. 35 J.80 4. 55 s .,::,o s .eo 6.1 5  6., 5() 6.70 6.85 7.00 7 .C'.() 7.00 6.90 6.85 6. 65. 6.25  
l ,W 1.P.O 2.90 J . lo  4.) 0 4.7 5 .00 � .. .30 5, 50 !i.70 s .a5 6.oo <>.oo 6.00 6. r,o 6 .oo l .oo 
8 7  
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Table 5 .  ( Con ,inued ) 
Dtat. ce front C-,::i te r ( lnche:, )  
( uo)  ,363 25 J5 � 25 20 15 lo 5 0 s 10 15 A) 25 JO JS 37.25 
Dl ::: 1.0 1n D2 - Dl c 7.0 in n -= 2.4 1n/n1n 
0 1  8 .30 � � 6'.)  9.65 10,80 l.l.80 12. 50  1i.85 1.3. SO lJ.70 1). 70 13.70 13 .. 65 1.3. 45 1.3.15 12.6o ll.SO 1.'!..45 
37 ·1. f:l:J 7. 70 ' <3.90 10005 11.00 11. ?D l2o20 12. 60 12.90 13.00 12 95 12.90 12. 70 12. 40 12.00 ll.,20 !0.80 
H 6 • .:() 6. 50 7.80 9.00 9.9o 10.70 D .10 11. 60  u.es 12.co 12.00 11 �90 11..so n. so u.10 10. 40 9.80 
108 5 00 5.35 6.80 ?.oo 7.90 So6() 10.05 10. 50 10.80 11.00 11.00 10.95 10. e5 10�60 10. 35 9.75 9,/.5 
16J ).80 4 ... � 5.90 6.90 7.80 8 55 9 .00 9.40 9.70 9.90 10.00 10.QO 10.00 9.80 9.W 9� 25 a .  70 
246 2.70 .3. ):.) 4.80 5.85 6.70 7.40 7.80 8.Y-> 8 . 55 s.so 8.90 9 .00 9.00 S.95 B.90 8.70 g.,..o 
312 2. 50 2.80 4.35 !i. JO 6.00 6.70 7. 20 7.&:J 8,00 8.15 8. 30 8 .45 a .so 8p 50 8. 5-0 s.40 i.20 
J.12 1.80 2.60 .3.90 4.,80 5 .45 6.10 6. 50 6.95  7.35 ?. 50 7.70 7,,�5 7.95 . 8.00 8.W s.oo s.oo 
Dl ::: J.O in D2 - Dl ::: O.O in R = 2.4 in/min 
0 6.� '1. 10 eo40 9.3[.) 9 .90 J0.5() 10�75 10.95 ll .00 10.90 lY ,75 10. 45 10. ('Q  9 . JO 8.40 7.4D 6.so 
l9 6.� 6.dJ 7.80 s. oo 9.40 10.00 10. 30  10.45 10� 50  10.45 ·10.JO 9 .95 9 .45 8.8.5 a.oo 8.90 6. 50 
41 5.80 t>eZD 7.4':> B . :;o 9.00 9. 50 9.'6 9 .90 10.00 9.90 9 .'75 9 . 4JJ  9. 0CJ 8.35 7 . 50 6.40 5.90 
� 5.00 5 .40 6.bO 7.40 s .oo s. 50 8.80 8.90 9.00 8.90 8 .75 B.IJ) s .oo 7 • .35  6. 60 5.te 5.00 
143 4.� 4.80 5.90 6.50 7 .10 7.f:AJ 7.80 7.95 s.oo 7.95 7.80 7.45 7.00 6.65 5.95 5.00 4.-30 
216 3.80 4. 35 5 .20 5.?5 6 • .30 6.65 6.85 6.95 7.00 6.95 6.80 6. 50 6.15 5 .10 5. 20  4.30 3.70 
322 J.50 4,00 � if)  s.oo 5.40 5.70 5 .90 6.00 6.oo 6.00 5.80 5. 6o -5. 30  5 . 00  4.&J 4.00 J. 50 
398 3. 50 3 .80 L.35 4.70 5 .00 5 • .30 5.40 5. 50 5. 50 5.45 5 • .30 5.15 4. 55 L.,. 70 4. 35 J.90 3.40 
493 3.30 3.70 4.05 4. 40 4.60 , ... s5  4.95 5.00 5.00 5.00 4.90 4.70 4. 50 4.35 4.05 3.75 3 .35 
650 3.20 3 .40 J.80 4.00 J .. 20 4.40 4.45 4. 50 4. 50  4. 50 4. 40 4. YJ  4.10 J.95 J .80 3. 50 J.25 
832 3 .10 3 • .30 3. 55 J. 75 .J.80 3.85 J .95  4.00 4.00 4.00 J.95 3.90 J.80 J. 65 J .50 3 • .30 J.20 
Dl = J.O in D2 - Dl = 0.5  in R = 2.4 in/min 
0 t.20 8. 50 9. 5-') 10.-40 ll.10 ll. 75 12.00 J.2 • .30 12. JO  12. 20 12.00 ll .65 ll.25 lC.&:> 9.75 8.80 8.40 
18 7. 00 s .oo 9.00 10.00 10. eo 11 . 35 11.65 ll.90 12.00 u.90 11 . 55 11 . 3, 11.00 10. 30  9.45 8 . 50 8.00 
56 6. 50 6 .8() s.oo . 9.00 �.75 10 • .30 10. 65 10, 85 ll.00 10.90 10.70 10. 40  9.90 9. 30 3 . 5() 7. 1.,C 7.00 
94 5.70 5�90 ?. 50 g. l 5 e.e; 9.45 S' 65 9 .85 10 ,00 9.95 9.80 9'. 40 9c00 S. 45 7. 65 6.6o 6.oo 
142 5.00 5. :,o 6. 50 '1 . 40 r. .oo 8 . 50 8.70 8.90 9 . 00  9 . 00  8.8.S 8. 50 8 .05 7 . 5 5  6. 85 5.90 5. 50 
:?f.ll 4.20 ;., .  70 5 .85 6. 5() ?.00 '1. 50 7.70 ·,.90 �.oo 7.95 7.80 7. 55 1.20 6.70 6�1 5  5. 35 4.ctJ 
282 4.00 4. Y.J s. 10 5 .70 6. i5 6.&J 6.75 6.90 7.00 6.90 6.80 6. 55 6. JO  S.90 5_.45 i. .• 80 4.20 
402 'J.40 J.90 1 ... :55 ; .oo 5. JO 5. 65 5.80 5 .90 6.oo 5.90 5 .eo 5. 65 5 .45 s.20 4 . 85 4 .45 4 .00 
621 3.:,0 J .&> 4.0J 4. .35 4.&J 4.75 4.85 4.95 5.00 4.90 4. 80  4. 75 4.65 4. 45 4.25  4.00 J.60 
).1J6 .3.2>) :;,. )5 J. 50 J., 70 ,3.75 J.90 4.00 4.00 4.00 4.00 4.00 4 .00 ).90 ).85  J.r,O J.65 J .65 
8 9  
Table 5 .  ( Continu d )  
T"...m Diat.'\rltl() troo CGn�r (Inch,:,s )  
( c  �> ,36,25 35 � .15  20 lS 10 5 0 5 10 15 20 2 5  JO 35 .37.2� 
1>1 .. 3.0 1n D2 - Dl c 1.0 in n u 2 .4  1.n/,u.1.,-, 
0 8.00 e-.. .?;O 9.35 10.25 11.00 11.55 n .05  12. JO  u •. w u.}:) 1i.oo n.75 ll .35 ::.o.eo 1c.oo 9.00 8. 50 
41 7.'to 'l.90 9.10 10.,00 10. 65 ll.25 ll.W ll .90 12.00 ll.90 ll. 70 11 .50 ll. C5 10 . 45 9.65 8 .65 8 .20 
W, 6 'iJ  "·so s.10 9 . r.() 9.SO 10. 35 10. 70 10.90 n.oo 10.90 10. Bo 10. 55 10.io 9 . 55 8 .75 7.80 7.40 
119 s.e; 6.00 7.,20 8,.10 s.so 9 .35 9 .65 9 .90 10. 00 ·  9 .9� 9.Bo 9.55 9.10 s .. 60 7.85 6,85 6. 40 
167 4..90 5.� 6S J 7. 30 7.90 8. 30 8 .65 8.90 9.00 8 . 90 8�80 8.6Q 8 . 20  7.75 '!.15 6.25 5 . 55 
m 4.25 4. '?O 5.75 6. ,.5 6.90 7.45 7.65 7.90 8.00 7.95 7.85 7.6o 7.'JO 6.90 6.90 5.60 5 .r,0 
312 4 00 4.JO s.10 5 .65 6.10 6. 50 6. 70 6.90 7.00 7.rt:., 6.85 6.65 6.40 6.10 5.75 5. 20 /h E{) 
1;;7 .3. 55 J. (;l) 4.5C 4.90 5. JO 5., (;l) ;.70 5.90 6.oo 6.0'J 5.90 5 .80 5.65 5. 4D 5.15 4080 4.JO 
670 3./.JJ .3.6o 4.00 4.. 25 4.40 4. 65 4.75 4,.90 5 .00 5.0J 5 .00 , •• 90 4..80 1.,..70 4.60 1. .  40 4.20 
88J 3.20 3.45 3.70 1 .. 00 4..10 4. 30 4.4D 4.50 '►- 55 4 . 55 4. 55 4.. 55 4. 50 4. 40 4. 35  4. 3C' 4 , 10 
Dl = >.0 i:l D2 - Dl :: 2.0 1 n  R ::  2.4 in/m!.n 
0 s.10 s.,5 9.50 10.45 11.15  ll.80 12.15 12,.;G 12.70 12. t:O  12.45 12.15 ll.80 11.JO 10.6:5 9.70 9.JO 
29 7.50 7.70 8.85 9 . 80 10. 65 11 , 25 ll. 55 11.90 12.C<> 12 .00 ll.85  11 .60 ll • .30 10. 70  J.0.15 9.20 9.00 
67 6. :,0 6 .70 7.90 8 ,. 85 9. l-O :0.25 10. 65 10.C5 ll.00 11,00 10.90 10.65 10.35 9.70 9 . 20 s.25  7 .65 
lll S�!';{J :,.,65 7.10 e.oo 8. 70 9.15 9. 55 9 .85 10.00 10.00 9.85 9 .70 9. 35 8.90 8. 40 , 7. 55 7 .10 
164 4.60 5.15 6.35 7.10 7.80 8 • .30 s. 55 8.90 9.00 9.00 8.90 8.70 s . ,.,o 8 .10 7.60 7.00 6. 30 
234 1,.. 20 4,.60 5.60 6.25 6.85 7 .25 ?.f:IJ 7.9(? s.oo s.oo s .oo 7.80 7.w 7 . "JO 7.00 6.45 5. 80 
337 4.00 4. 20 4.90 5� 50 6.00 6.30 6.w 6.80 7.00 7.00 7.00 6.90 6,/70 6. 50  6. 30 6.00 5.,IIJ 
m .3.50 .3.60 4.35 4.80 5.10· 5 . 50 5.65 5.B5  6.oo 6.00 6.00 6.oo 5.90 5.80 5 ,., 65 5.50 5 . 25 
681 'J.JIJ J.?o 4..00 1.,. 4[) 4.70 4.90 5.00 5 . 20 5 . 35 5.IIJ 5.45 5.45 5.JIJ 5. 35 5. 30 5.20 5.00 
921 3.30 ) .. 50 3.85 4..10 4.25 4. 50 4.65 4.75 4..95 5.00 5.00 5.00 5.00 5.00 5.00 5.00 ; .oo 
Dl �- JoO in D2 - Dl = J.O in R = 2. /► in/min 
0 8.?0 8.85 9.90 ll.00 u.eo 12. 35 12. 75 13.20 lJ.35 13.J.J lJ.20 13.00 12. &::>  12.10 11 .45 10. 55 10. 15 
15 8.40 s.?o 9.7� 10.70 ll . 50  12.15 J2. 45 1 2.85 lJ.00 lJ.(X) 1'.2 .35  12. ?5 12. l.0 11.80 11 • .30 10. 30  10.00 
SJ '7. W 7.I;J 8,.?0 9 .65 10. 50  11.10 ll,. 50 11 .80 12.00 12 .00 ll .95 ll . 70 ll .40 10. 90 l::>. 35 9 .40 9 .05 
93 6. )0 6.60 7 l35 8.70 9. 50 10.15 10.45 10.eo 11.00 11.00 10.95  10. 15 10. 45 10.00 9.45 8.70 a .15  
14.l. �.JO 5. 70 6.90 7.80 s.fi.J 9.15 '.J.4'.> 9 . 75 10.00 10.00 10�00 9 , 75 9 . 50  9. 15 8 .80 8.10 7.1..D 
200 4,'70 5.10 6.25 ?.00 7.&J e • .20 8 , 50 s.so 8.95 9.Xl 9.00 a .90 8.70 s • .  w 8.05 7. 55 7.00 
28) 4.00 4. �5 5 • .50 6.15 6.?J 7.25 7. 50 1.eo 7.95 8.00 8 .00 s .oo 7.85 7.W 7 • .35 7.00 f.U) 
42) ).?O 4.10 4. 80 5 • .30 5.80 6. 20 6.45 6.70 6.90 7.00 7.00 7,0() 7.00 6.65 6 .70 6.W 6.15 
we J 50 J.W 4.1.J) 1,...90 5 .� 5 .70 5.90 6�15 6.JO 6. 40 6. 50  6. 50 6. 50 6. � 6. J.D 6 • .35 6.l!i 
795 J. )J J.NJ 0 li . 10  , • •  50 4. 80  5 .10 5. )J � -50 5.65 5.70 5.� 6.00 6.00 6. 00 6.00 6.00 6.00 
90 
Table 5 .  ( Continued) 
Dist.&o ho!. Center ( Inchoa ) 
C•ec ) J6. 25 35 30 25 zo l5 10 5 0 5 10 lS 20 25 30 .3S :n.2s 
Dl : �.o 1.n r2 DI = 5.0 in R = 2.4 in/lrln 
0 9.eio 9. 20 10. � u. 50 12 • .2-:> 12.s s 13.40 13.s, u.os u. 10 14.00 lJ.90 13., ;.o 13. 35 12. so  12.05 :a. JO 
7 " ()() 9.W 10c 25 ll,20 12,00 12. 80 13. 15 lJ.'3-0 1.3.90 14.00 13.90 13.$0 13.65 13 .:;:5 12.70 u.oo 11.60 
.� s.oo 6.20 9,,JC 10. ):) 11.15 u.ao 12.25 12.65 12.90 1 2.95 13.m 12.95 12. ?0 12 .1.0 12.00 u.10 10.75 
81 6.80 7.10 s.:;o 9.30 10. 15 l0. 80 l'LW ll .6o ll.85 l.2000 12.00 ll.95 ll. 70 ll , 50  ll .00 10.1,,0 9. SO 
12:1 S.90 6..,15 ?. 50 8.40 9.15 9.80 10 • .w 10.60 10. 85 11.00 u.oo 10.95 10. 80 10. 55 10.30 9 . 70  9.15 
188 5.0() 5 • .,J 6.t:O 7./JJ s.10 8,75 9. 1 5  9. 50 9 .75 lQ.00 10. CO  10.00 9.90 9 .SO 9.6o 9.20 8 060 
Zcll 4.30· 4. 70 5.$0 6. 50 7.15 7. 70 8.05 s.�o 8.70 . 8,85 9.00 9.00 9 .00 8.90 8 e30 8.?0 8 • .30 
35S 4.00 4.40 5.40 6.oo 6.Eo 6. 15 6.05 l,80 7.05 8.25 6 • .35 8.45 8. 50 a .so  e.so 8. 4J J .20 
479 )e 80 4. 20 4.90 5.40 6.oo 6. 50 6.SO 7.15 7 .. IJJ 7. 6o 7.30 7.90 s.oo s. oo . s.oo s.oo 8.00 
759 3.W 3.65 4,.lJ) 4.80 5.20 5.60 5.S5 6.15 6 • .35 6. 55 6.6o 6.SO 6.90 7.00 7.00 7.00 7.00 
Dl � .3,0 in · D2 - Dl = 7.0 in R = 2 • .l in/min 
.. c; ., :;; <;.eo 1c. 10 1.1..� 12.e5 1.3. 5.) 13 ,95 lL.. 50 1.4..9') 15 .'JC 14.so J.1,...eo 14.S'J 14.!C 14.25 13.40 1.3 .. cc V 
19 9.20 9. 1,J) 10ol5 11� /•5 12.,35 13.10 13. 55 :!1 •• oo 14.IJ) 14. 45 14, 55 .1.-4 .• 60 l.i..., 50 4.a) 13.�5
 lJ.O'.i 12.60 
JI) 0.40 8 � 65 9.80 10.90 ll .80 12. 50 lJ,00 13.40 l.3. 75 13,90 14.00 14.00 13.90 
13.W 13 • .)'.) :2.6o 12. 10 
79 7.35 7. 55 -8.80 9.85 10. 70 il.l5 12.00 12. 30  12. 75 12. 90  13.00 13.00 13. 00  12. 70 12.45 ll.90 11. 30 
128 6.20 6.(;{) 7.8..') 8 �80 9.65 l.O .IJ) 10.85 11.25 11.65 ll.90 12,00 12. 00  12.00 ll.90 ll.6o ll. JO 10. tl.)  
196 5.25 5 .. 70 6.90 7.80 s. s� S.JO 9.70 10. 10 10. so  10.  ?O 10.90 11 . 00  n.oo 11 •. 00 20.90 10. 75 10. 40 
252 4.90 5. 20 6,40 7. ";SJ '7.90 8.60 9.00 9.4!> 9.85 10.00 10.20 10�35 10. 40 10. 50  10. 50  10. 40 10. 20 
266 4..):) 4.SO 6«00 6.70 ,.�o 8.00 8.40 s.e-0 9 .20 9.1.,;J 9.60 9.80 9 .90 10. 00  10.00 10.00 10.00 
35<1 4.00 4. 50 5.45 6.20 6.SO 7.40 7.80 e.JO 8.60 8.80 9.00 9 .20 9.JQ 9.40 9. JJJ  
9./JJ 9 .JJJ 
Dl = 6.0 in D2 - Dl = O.O 1n . :: 2,l. i.'1./mui 
0 9.80 10.20 ll.)J 12.l� 12.eo 13.20 lJ. ?O  13.80 13. 85 13. 60  13.40 13.10 12. 75 12
 .. 20 11 • .1,a 10./40 10.,CO 
2-8 . 9 .30 9.(:JJ 10,so 11. 50 12.10 12. 60  12 .75 12.90 1.3.00 12.90 12.so Uo50 12.15
 u . w  10.95 10.cc 9.€-0 
61 8.50 a.so 9.90 . 10.55  n.10 ll. 55 ll , 75 ll ,?O 12.co ll.90 ll. 75 ll . 55 ll. 15 10.65 10.00 8.80 8060 
11)4 7.70 s.�o 9.10 9.7o .:i.0.20 10. 60  10. 75 lD.90 n.oo 10.9-:> :w.so 10. 60  10. 25 
9.e-0 9.25 s.i.o 1. eo 
159 7. 20 ? . €-0  e .45 9.00 9. 35 9.70 9 . 80  '? . 90  10. 00  9.90 9 .80 9.65 9.JO 9.
00 8 .50 7.70 7.20 
231 6.60 7. ';IJ 7.SO s.20 n. 50 s.so t .?O 8.95 9.00 6.90 8. 80 8.?0 8. 50 s.zo 7. ';lJ 7.10 
6. 6o 
290 6 1:1:>  6.so 7.YJ ?. ';I:) 7.70 7.85 7.90 7.9'5 s.oo 7.90 ·1. 80 7.70 7.60 7. 45 7. 20 6.85  6.11) 
441. 6 1.f)  6.70 7.00 7.20 7. 30 ?.40 7.45 7. 50 7. � 7. 'jl) ·1.45 7. 1.0 7.25  
7.lD 6.85 6. 50 6�25 
� 6. � 6. �  6.70 6.80 6.90 7.00 7. 00 7.00 7.00 7.C'
,O 7.00 5.90 G.80 6.?0 6. €-0 6. 5') 6, �o 
L'l.8 6. 20 (,. 30 l .!/J 6. 50 6.55 6.60 6.65 6.65 6.6S 6. � 6.w 6.55 s.so 5.45 5 . 40 5 �  ,.10 
Table 5 .  ( Continued ) 
Dbt..oce h-o:t Cent.r  ( Inohco ) 
20 1� 10 
D� - Dl = o. 5 in 
0 
R = 2.4 ir1/i:u11 
S 10 
91 
lS  20 25 JO 
0 lOo:lO 10, � ll. 70  12.(,Q lJ.10 13.W U.00 14.,.10 �15 1 4.00 1..3,90 1.3.60 lJ.J:> 12070 12.,00 ll.00 10, 50  
10 10.00 10. 40 11. 55 12. 25 12.9'.1 D.40 lJ.65 13.90 }J .. 00 l.J.85 lJ.60 :J.40 1).00 12 6o 11.10 10.so 10. 5(J 
4.) 9.00 9 . :,0 10. -&5 11. 40  12.co 12.70 1.2.85 12 .9.  u.oo 12.90 12.so 12.60 12.2J n.60 10.ao 10.00 9 . 50 
81 8. ;0 .70 9.80 10. 50 11 .00 n. ,.o 11.70 ll.85 12 .. 00 ll.90 ll.75 ll.. 50 ll.25 10. 70 10. 15 9 . 30 8 , 60  
123 7.'iO 8;10 9 .10 9.70 10.15 10., 55 l0e 'l5 10,90 ll.00 10.9') 100 80 10065 10. 35 9.90 �9 .40 8 . 6o 8,00 
lSO 7. 20 •1.·10 �.50 s.90 9 • .30 9.UJ 9.80 9,90 10.00 9.00 9 .80 9.70 90 4'..i 9 , :w 8 .70 .c;o 7 . 50 
2te 6.so ?�20 7.1!1') s.20 s.�� 8,75 s.s5 s.95 9.oo s.95 s.90 s.so s . 55 s . Js s .os 7. :,0 1.00 
�s 6.40 6.so 7. �o 7.,IJ 1.w 1.so 7, 9D 7.95 s.oo e.oo 7.90 1.as 1.so 1.65 7.45 1.25 6. 8� 
731 6, 20 6. 50 6,70 6.80 6.85 6.95 7,oo 1. 00 7.ro 1.00 1.00 1.00 1.00 6.95 · 6.95 &.60 6. 50 
937 6.20 6.,1/J 6. 50 6. 55  6.60 60 65 6;70 6.75 6.eo 6.so 6.so 6.so 6.so 6. 1r; 6. 10 6. 70 o.w 
01 = 6.o 1n D2 - Dl = 1.0 i..� 
8 10.00 10. 40  ll. 50  l�q 20  12.90 13. J5 13 .� 1.3.85 14.00 13.90 13.70 13. 50  13. 20  12. 70  12w00 D..10 10 , 70  
42 9.,00 9.40 10.60 ll.,35 11 ,95 12. 50 12.70 12.85 13.00 12.90 12.60 12. 55 12.30 ll .75 ll . 20  10. 25 9.80 
81 8.20 8.6') 9. 75 10.45 ll.00 ll. 40 11.'iO ll.90 1? ... 00 11 .  ll,80 11 . 60  ll.2:5 10�85 10 .. .30 9, 1►'; 8.90 
126 7.60 8.00 9.00 9.65 10,10 10.50 10.75 10.90 ll.00 10.90 lo.SO 10.70 10.45 10. 05 9 .(;-0 8.85 8 20 
186 7.00 7. 55 8.1.£) e.85 9 . 30 9.6o 9. 75 9.85 10.00 9a95 9.90 9.80 9. 55 9 • .JO 8.95 8 .45 7.70 
Z74 6 so 1. 20 7.75 a.10 8.40 8.70 s.eo s.90 9.oo 9.oo 9.00 s.90 s.75 s.50 s.35 7.95 1.1.n 
4Yl 6.6o 6. so 7.15 7. 35 7.(:£) 7.75 7.85 7.90 s.oo s.oo s.oo a.oo ?.90 7�80 1.70 7.55  7/20 
!>61 6.4[) 6. ll:J 6.90 7.05 7.20 7.40 7.40 7.45 7. 50 7� 9) 7.60 7.60 7.55  7. 'jO 7. 45 7.35 7.10 
s,.3 6.20 6.so f..65 6. 75 6,80 6.90 6.95 1.00 7.oo 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1�00 
DL - Dl = 2.0 in R = 2. 4 in/r.rl.n 
20 10.JO 10.!:(l Jl.80 12 . 50 1.3,20 1.3.70 14.00 11.. 35 14.50 14. 50 14. 40  14..20 13.90 13 .45 12.85  12,00 U. 50 
-')7 9. 75 10.00 ll.25 12.05 12 . 'i lJ. 25 lJ. 50 1).35  14,00 14.00 13. 85  JJ 70 13. 40 1.3.00 12 . 40 ll . 50  11.10 
72 s.85 9 . 10 10. 35 ll. 10 ll.70 12.25 12. 51) 12.75 Ll.?O l).!X) 12.90 u.64 12. JO  12.10 11. 55 10.85  10 .. 25 
ll) 8.00 8 . 50  9. 55 10. JO  10. 80  ll.JO 11. 50 ll.75 p .. 90 12.00 ll.90 ll.75  ll. 50 l.l,20 10.?5 lD.00 9 . 50 
162 7. '.IJ 7.70 8 .90 9.45 10.00 10.45 J;;.60 10.eo :.o.90 11.00 11. 00  10.90 10.?0 10.45 10.10 9.45 0 .90 
2Js 1.00 7.45 s. 20 s.10 9.05 9 .45 9. 65 9 �80 9.90 10.w 10.00 9.95 9. so 9 .65 9.45 9.co s .� 
.3511 6,.70 1.00 ?. �5 7 .9'J a .20 8 .45 s .60 s.so s .90 9.oo 1.00 9 . 00  e.95 3.90 s .75  e.60 a .20 
456 6.60 6,s5 1 .YJ 1 . 50 1,15 e .oo a.15 s . 30 8�40 3.45 8 • .1/.J a . s5 e. ss s . ss e. 50 s.40 s . 1� 
(:/:J7 6. � 60 60 6.95 ?0 10 7. 25 7.4D 7, 'Y) 7 , 70 7.80 ?e90 7,95 8.00 8.00 0 .00 8 .00 8.0G 8,00 
92  
Table 5 .  ( Continued ) 
n1 = 6.o 1n 
�o 15 10 0 
D2 - Dl - 3 0 in . R r: 2 . 4  i.n/io.1n 
5 ) C  1 5  20 25 
0 10.'70 ll.00 12 • .30 13.00 lJ.90 14.J5 l!,. 70  15 . 10 15.JO 15 .:;J 15 . 10 15.00 11 •• 75 14 .. .30 13.70 12.&> 12. 40 









9.6o 9.90 ll . 10 11.90 12. 55 13.15  13. 50 lJ . 70 D.90 14.00 lJ.95 13 .85 13. 55 13.20 12. 60 11.85 ll.20 
8.70 9 .. 00 10. 20  n.oo 11.l-0 12.10 12.45 1 2. 75 12.90 13.00 lJ.00 12 .85 12.65 12.'JO 11 .90 ll.15  �.o. 60  
8.00 8� 40 9 .. 50 10.15 10. '?0 ll.20 ll .45 11 . 75 JJ .90 12.00 12.00 ll .90 ll. 75 11 �45 11.� 10. 65 9 .90 
7. 35 7.75 8 .75 9.35 9. 60 10.15 10 . 50  10.75  lD.90 11.00 11.00 11.00 .10.90 10. 75 10. 50 10.15  9.50 
6.80 '7. 'X) e.oo 8. 45 8.90 9.25 9.45 9 . 70  9.85 9.90 10.00 10.00 10.00 9 .90 9.60 9 .60 9.20 
6.70 7.15 7.70 8.05 8 . 1..0 8 .75 8.90 9 .10 9 • .30 9.J,{J 9 .45 9. 50 9. 50 9 . 50  9. 45 9. 40 9.10 
6.40 6.SO 7.:IJ 7.65 7.90 6.15 8.J5 8 . 50 8.65 8.75 8.85 B.95 9 .. 00 9 .00 9 .CO 9.00 9.00 
6.40 6. (;JJ 6.85 7.0J 7.20 7.1,,D 1.4; 7. 55 7.65 7.80 7.90 s.oo s.oo s.oo a .oo 8 ,00 8 .00 
Dl  = 600 in D2 - Dl = 5.,0 in R = 2. ✓•• in/:rin 
D n.oo 11.4!) )2. 55 1J.4i.J 11 .. 10 11, �BO 15.JO 1 5,. 7fJ 15.90 16000 16. oo  16.00 15.90 15. 65 15.15 14.45 u .• oo 
49 10.00 10 • .30 ll.45 12.40 13.15 1.J.80 14.20 14.60 ll. 75 15.00 15.00 15.0J u. es 14.60 14. 25 lJ. 50 1.3.00 
68 9. 00 9./,/J -10.60 11 .45 12 .10 12. 75 1.3.10 13. 45 13.85  13.95 ·14.00 14 .. 00 1.3.90 13 .65 lJ.40 ··12. 75 12.20 
1.36 8. 20 B.(;JJ 9.85 10.(;/J ll. 20  ll. 70 J2.10 12. 50 12. 75 12.85 13,.00 13,00 12.95 12 .85 12. 70 12.25 11. 70 
208 ?.(;/j 8.00 9.CO 9.65 10. 1 5  10.70 11.00 11. 30 ll.65 11 .80 ll.90 12.00 12.00 u.·95 11.90 11.70 11.40 
261 7. 20 7. 75 B.€:J) 9 .2CJ 9.UJ lOo lO 10. 50 10. 75 11.00 11.20 11.45 11 . 50  11 . 50  ll . 50  11. 50 ll.40 U.10 ·  
348 7.00 7.40 8.20 S.70 9.05 9 . 50  9.80 10.10 10.40 10.6o 10, 70 lG .80 10.90 ll.00 11.00 11.00 ll.00 
549 6. 7o 1.10 7.65 s.oo 8 . 30  s . 65 s.eo 9.15  9 .40 9. 55 9 .?o 9 .eo 9.90 9 .95 10.00 10.00 10.00 
815 6. 50 6. 80 7. 25 7. 50 7.75 7.95 8 .10 S .J; 8.50 8 .6o 8.80 8 .85  8 .90 8 .95 9.90 9.90 9.90 
Dl = 6.o in D2 - Dl = 7. 0 in R = 2.4 1.n/mn 
c 12.00 12.40 !J. 1.5 u •. �5 1s .1.CJ 15 ,95 16. ;5 11.00 11. 35 11. 5 5  11. 65 11. ;5 r,. so 1 1. 20 16. 9; 16.00 is .40 
21 11. --1; 12 .00 13.(9. 11,..00 ll.85 14. 45 16.00 16. SO 16.65 16. 8D 17 .0'.J 17.00 16.90 16. 75 16. 45 15. 55  15.00 
S5 10. 60 10. 65  12. cc 13.00 1.3.75  14. 50 11 .. 95  15 . 1.0 15 . 10 15 ,90 16.00 16.00 15 .95 15.95  1 5 . 55 14. 8 5  14.25 
97 9.� 9 . 80 11 , 10 11 .90 12. ?0 13. 35 lJ. BO  11 • •  JO 14. 5 5  U , 85 11 •• 90 1$.00 15.00 11 •• 90 14.70 14.4D lJ . 70  
l5J s. 6o e .90 10. 10 10. 90 11.r.o 12. 20  12.cv lJ.r.o 1J. 40 13 6� 13.30 1J.90 l1 •• oo 13.90 13 .Sv 13. 70 1.3. 20 
191 8010 8 . 50 9. 70 10. JO 11.00 ll . W  12.00 12. 50  :!2. 80 13.05 !J.20 lJ • .30 lJ. 50 lJ . 50 lJ. 45 1).1.0 lJ . J O  
2//, .. 1.10 e .oo 9 . 1 5  9 .80 lo .1.0 11.00 11 . 30 ll .75 12.15  12. 45 12 .f.'J U.75 12.90 lJ.oo lJ . C,O lJ. 00 lJ.00 
;n 6 1. ,0 7.75 s . a..:i 9 • .30 9 .90 10.i.o 10. eo  11 . 15 11. 50  u . 75 u.oo 12. 1.0 12 . 20  12. :0  12 .45 12 .45 12. ,s 
T ble 5 .  ( Continued )  
Dint!l."\co tl'O!ll Center {Inohos ) 
JO 20 15 10 5 0 
D.l = <) .. O in l'.:2 - Dl :r o.o in · . R � '2 .• 4 l.n/.lli1.n 
10 15 20 25 30 
0 12.40 12. 50 1.3. 65 11 •• 25 14.90 15.1 5  l:i. 55 15.60 15.70 15. 55 15.JO 15.10 14.75 11ul0 1.3. �5 12. 50 12.00 
7 12.10 l.2,..35 1.3. 50 11,. 20 11.,.70 15. 10 15. 25 15 .45 15. 50 15.25 15.10 14.90 J.4.60 14.00 lJ. l.0 U.35 11 . '70 
25 11. �o 1.2.0.:., lJ.10 lJ.SO lL>•J(") 14.60 l,�90 15 .00 15.00 14.90 14.P-O 14. 60 14.20 lJ. 'i'O lJ.00 12.10 11.60 
61. 10.70 ll. 20 12. 25 12.85 13 25 lJ.65 13 .85 lJ.90 14.00 lJ.90 13.75 13. 50 lJ.20 12 .75 12.15 11 . 30  �0.60 
112 10. )'.) 10 • .50 ll.50 12 00 12. 50 12. 60  l 2 .?0 12.80 12.90 13.00 U.90 12.80 12. 50  12.00 11.t.C 10. 50  10. �  
167 10.00 10. ):) 10.90 ll. 25 11 . 55 1.1..85 ll ,90 12.00 1?..00 12.00 1.1.80 ll .7C 11 . 50  11 .20 10.85 10. ;iO  9. 50 
257 9. t-0 9.90 10.1,0 10. 55 10.15 10.90 10 .95 u.oo 11.00 11.co 10.90 10.so 10.65 10. 40  10.25  9.85 9. 30 
322 9.61J 9.&J 10.10 10.20 10. JO  10. so 10. so 10. 55 10.Eo 1�. 55 10. � 10.40 10. 25 10. 15  9.95- 9.65 9 .10 
447 9.1,,D 9.60 9;10 9.85 9.90 1c.oo 10.00 10.00 10.00 10. co 9.95 9.90 9 .Bo 9 .75 - 9.65 9.4/J 9.10 
S59 9.JO 9 .45 9. �J 9.&J 9.50 9.70 9.75 9.75 9.75 9 . 75 9 .70 9 . 70 9 .lO 9 . 55 9. 50 9.30 9.00 
D2 - D1 � 0. 5 in R = 2 .. t. i.'!,/2ii!l 
0 12.25 l2e60 13. 00 1/.,. 50 15. 10 15 .50 15.80 15.90 16.00 16.00 15. 75 1 5. 55 15 .25 1.1.,.eC- 14.00 13.cr., 12.40 
35 ll. lJ) 11 .90 lJ,.00 13.60 14.� 14. 50 14.85 1� .. 95 15.00 15.00 1.4.80 11 •• 60 14. 30 13.80 lJ.:20 12� .30  11. 30 
Tl 11.a:i u.20 12.20 12.70 .13.20 1J. 5C  lJ.80 13.9'0 :U.,O'J 13. 50 lJ.eo 13. 55 lJ.2::) 12.90 12,. 1.0 11. 50  11.00 
123 10.20 10 .('() ll. 55 ll.90 12.35 12.70 12.75 12.90 lJ.00 12.95 12080 12.70 12.I.O 12.10 ll.80 :µ.oo 10. 30  
189 9.90 10.25 10.85 llo20 11 . 50 ll.70 11.50 ll.95 12.00 12.00 11 .85 ll.75 ll.�5 ll. JO  ll .05 10.60 10.00 
295 9�W 9.90 10.30 l0. 50 10.65 10.85 10.90 ll.00 11.00 11.00 10.90 10.85  10.75 10 .� 10.45 10.25 9 .60 
.386 9. � 9.eo 10.00 10.15 10. JO  10.40 10. 45 10. 45 10.50 10. 50  10. 50  10. 45 10. Js 10. 25  10.20 10.00 9 . 50 
539 9o20 9.50 9.65 9.80 9 .90 10.00 10.co 10.10 10.10 10.00 10.00 10.00 9.90 9.80 9.75 9.60 9.20 
Dl - 9.0 in D2 - Dl = 1 .0 in R = 2 . 4  in/min 
0 12. 50  12.90 14.10 14.90 15. 55 15.90 16. 25 16. 50 16. 60 16.6o 16·. 50 16. 25 16.00 15. 50 15.00 14.00 13. 50 
18 12.00 12 .50 lJ.80 14.35 1 5 . 10 15. 55 15. 70 15.90 16.00 16.00 1 5.90 15.70 15, 40 15.00 1.l+. 40 lJ.4/J lJ.00 
41 11. �o · 12 .20 lJ., 25 13 . 10 14. 50 14.85 15� 1 5  15.30 l!i. 45 15. 35 15.30 15.10 14. 85 1./4 .• 41) 13. 80 13.00 12 .L..O 
54 11. ;10  11. &J  12.<r-> _l.:3. 50 U.,10 l4.l5 14. eO J..4.85 15.00 15.00 14.85 14.70 14.40 14.00 13. 50  12.70 12. co  
97 10. eo ll.20 12. 1 5  L< .60 lJ.10 lJ. 55 13. 85 lJ.90 14. 00  u . oo  lJ. 85 13. 70 13 . 45 lJ . 1 5 12.75 12. 10 D . • 40 
148 10.20 10. 6()  11 . 50  llo90 12.25 12.60 12. 'IO 12. 85 12.95 13. 00 12.95  12. 80 12 . 60  12 .L..O 12o l0 11. 50 10. 80 
22J 9 .e,0 :0.20 10.eo il.20 llr40 11.60 11 . eo 11.90 12.00 12. CO l�.00 ll.90 ll.SO 11 .65 ll. 35 ll.10 10. i..O 
275 9.4D 1.0.00 10. :SO  10. eo u.oo 11 . 20  11 . JO  11 ,40 11. 50 u. 50 u. so ll.45 11 . 35 11 . 2 5  u.o� 10. e:5 11 . �  
3 56  9.):1 9.90 10 . 20  10.L..O 10.6o 10 . 7 5  10.?-0 10. 85 11 .90 n.co 11.00 11.00 10.90 10.r-0 10.·10 10.60 10. 20 
473 9 .JO 9.UJ 9.9� 10.10 10.20 l0. 30 10. l.0 10. 50  10. 55 10. 5� 10. 55 l0. 50  10. 50  10. 50  10. 50  10.40 10. 10 
93 
94 
Tabl 5 .  ( Con · inued ) 
'tiw 
( a _o_)_36_2_5_3_5 __ 30 __  2_5 __ 20 __ 1_s__ ]_o __ s ___ o_�s __ 10 15 20 25 
Dl c 9.0 in n2 - - Dl = 2.n L-t R _ 2 .4  1n/:.J.n 
0 12.so 13.20 11�. J5 15.25 15.90 :.:.6 . 1 5  16. 50 16.85 27.00 17.C,O 16. SO 16.75 16. 50 16.25 15.65- U.75 14.25 
J.l. ll 80 12.30 13. 50 14.20 14.,SO 15.35 :15 .tO 15.85 16.00 16.ro 16.co 15.A5 15. 55 15. 25 14. 70 14. 00 1). 30 
81 11.10 11. 55 12.7'0 lj.)J lJ.85 11.. 25 14. tO 1.4 .• 75 15.00 15.00 15.00 14.65 11.._ r:]) 11 •• 30 13.90 iJ.20 12.6'.J 
u6 10.1.0 u.co 12,00 12. ss 13.00 13.]5 lJ . 55 13.90 1L...oo 11. .co 14.00 13.90 13.1s 13 . 50  13. 15 12.75 12.ro 
1s9 1.0.10 10. s-s 12.. 30 n.1s 1 2.10 12.1.!) 12.60 12.75 J.J.oo j_J.c,o 13.00 13.00 12.2s 12. ?0 12. 50  12.15 n. so 
296 9. 55 10.1 5  10.70 ll .00 11. 20 11 . 50  ll . 55 ll.70 11 090 12 ,00 12.00 12.00 12.00 ll.90 ll,.85 ll. 60 11. 20  
384 9. 55 10.00 10. 30 10.&.> 10.so 11.00 ll.10 11 25 ll$40 11.45 ll . 50 ll. 50  ll.50 ll. 45 ll .40 ll. 35 u. 20 
m ? • 50  9 . t,0 10.oc 10.20 10. 30  10. l.5 10.60 10. 65 10.80 10.90 11.00 ll.00 ll.00 ll.CO ll.00 11.00 11 . 00 
tl = 9.0 in D2 - Dl = J.0 in R = 2.4 in/.tln 
0 l.J.20 13. M 1 4. '10 14.5) 16. 25 16.70::..17 .15 .17.50 17.65 17�70 17.70 i?� 60· 17.1,.5 1'"(�1.0 6;60 :!.5.60 15.15 
26 1.2. w  n.90 11., ?iC J.s. oo 15.65 16.15 �6. 50 16. 1s 16.95 11.ro :n .oo 16,90 16. 75 �6.45 16 .. 00 15.15 1.4. 60  
63 11 .7v 1:: .15 1,3. )) 14.tx: 1,4.60 15.15 l� • .50 15.65 15.90 16.oo 16.� 15.9� 15. 75 15. 50 15.lO 14 , )..1 lJ.SO 
105 11.00 ll . 40  12.60 13�20 lJ. 70 14..15 14. 50 U.'15 14.90 15.00 1 5 .00 15.00 11-. 85 l.4.60 14. 35 14,. 70 lJ.10 
161 10.:n 10.::i5 11 .s5 1.2. J5 u.eo 1.3.15 13.40 J.J. 70 13.90 u.ro u .. oo 1J .. oo 1.3. 85 13. 70 13s> 1J. 2G 12. E-O 
2J+h 10.CO 1 0. 50  ll.15 ll. 55 ll.90 12.20 12 .40 12.60 12.75  12.90 13.00 13.00 13. CO 13.00 12.85 12 .70 12. �  
321 IO.CO 10.20 10.&> ll.15 ll.40 ll.70 lJ. 480 12.05 1.2.25 12 • .;5 12.40 12.45 12. 50  12. 50  12 . 5{> 12. 40 12. � 
4J4 9.60 10.00 10. 50  10.70 10.90 11. 15 ll.30 11.45 ll.70 ll.75 ll. 80 12.00 12.00 12.09 12..00 12.00 12.00 
Dl = 9.0 in D2 - Dl = 5.0 in R = 2.4 in/cln 
0 14.40 14.60 15.0) 16.00 17.65 18 . 10 18 ,70 19 .00 19. 30  19. 50  19. 50  19.1.D 19. 25 19.00 18.5(. r 17. 60 17.00 
18 14.20 14. 50 15.60 16.40 17.15 17.75 18 .10 18. 55- J.8. W  18 .95 l.9.00 19.00 18.8 5 16 . 45 18.C5 17. 2:> lc.6o 
41 lJ ,CQ lJ. 20 14.6C 15 40 16.15 16. 70 17.20 17. 50 17.75 18 .00 1a :oo lB.co 17,,5  17. 55 17.20 16.45 15.80 
SJ 12.00 12 �o 13.70 14 . 50  15 .25  15.70 16,15 16. �0 16.75 16.90 17.00 17.00 16. 8 5 16. 70 lS.45 15. 80 15.10 
1.28 ll .20 ll . W  12. �J 13.l-O ll.20 11..65 15 .10 15 .40 15 .. 70 15.20 15.90 16, CC 15 .90 15 .80 15.65 15. JO 14.70 
190 10. 50  ll.00 12. 15  12 .75  13. 20 13.W 11. .. 00 11.. 30  JJ.. 65 14.70 11 •• 85 15.00 15.GO 11 •• 90 14.85 14.75 14. 20  
2.35 10. �  10. so 11 eo 12. � 12 . 10  13.15 13.45 13.,,s u.oo 11 •• 25 14. 35 11 •• 45 14. 50 14. 50  14. 50 14.45 u..10 
.308 10.co 10.J.O 11 . 2s 11. 10 12.10 12.so 12;10 13.00 u.25 l J. 45 1.3. ffi 13.10 13. eo 13.90 14.00 14.00 11 . . 00 
Table 5 . ( Continued) 
30 25 20 15 10 5 0 s 10 15 20 25 JO 35 n.2s 
Dl = 9.0 in D2 - Dl = 7.0 tn ·R :: 2.4 i.11}:nin 
0 l!i.20 15 . >'.)  16.75 17.70 18 , 50  19�05 19 .60 :20.00 20. '.35 20 . 50  20. 55 W.65 20.,65 20.45 Z>.10 l-;>.25  18. 00 
22 14.6c 11+.90 16.10 17.00 17. 70 18.JO lC.S"i 19 . 3'J 19. 55 19 .85  l<?.90 W.00 19,.95 19 .'/5 19. 50 18 . 65 16 .20 
52 13. 50 u.oo 1s.10 16.00 16.10 11. JO  11.90 1s . 20 1s . £-0 is .so 19.00 19.00 19.00 1s . s s 1s. ss 13, oo 11. 1/J 
89 12.� 12. 80 l� .20 15.00 15 .?0 J 6.25 16.75 l?.10 17. �-0 17.70 17.90 18,.00 18.00 17 .90 17 ?5 17.40 16.70 
137 lloe-0 12, CO  lJ.�'() ll.CO 14.00 15.20 15.65 16.00 16.35 lf-. 60 160 80 16,.9()· 17.00 17. 00 17, CO 16.�0 16 • .t.0 
172 ll.20 ll. 55 12.80 13. 50 14.CO 14.(--0 15.00 15.45 15.75 16.00 16.1 5  16. JO 16.40 16. 50  16. 50 16.45 16. 10 
9 5  
96 
APPENDIX E .  De.t a fo r Out l e t  Size  De t e rminat i on 
Table 6 .  Time in Se conds for the Phre at i c  Surfac e  to  
Fall  a Given Inch ( Dl = 14  in , L = Outlet Si ze ) 
Po rt i on Di s ' 8.:.(),C C from Outle t  ( inche s )  
o f  Fall 
( in )  25  13  7 0 . 5 2 5  1 3  7 
-
L = 11/64 L = 11/64 in 
7-6 32  34 32  28 37 3 5  34 
6-5 41 41 3 5  31 44 44 40 
5-4 49 48 48 31 54 51 
·50 
4-3 61 6 3  60  50 70 70 65  
3-2  96  92 90 71 10 5 98 100 
2-1 1eo 180 170 1 2 5  190 187 17 5 
L == 7/32 in L = 1/4 in 
7- 6 l") C::  2 5  24 20 26 27  2 3  (... ,,I  
6-5 36 3 3  28 24 3 3  30 26 
5-4 39 38 37 27 38 37 3 5 
4 ·- 3  54  52 50 38 5 0 49 49 
3-2 81 7 5 7 5  49 79 73 72  
2-1 16 5 1 5 5  147 89 139 142  13 5 
L == 5/16 in L = 5/16 in 
7-6 21 21 1 5  1 3  · 20 21 18 
6-5 28 25 2 5 14 28 2 5  2 2  
5-4 3 3 31 29  19  33  32 27  
4-3 44 43 40 21 43 41 40 
3 ., 70 64  61  31 71 6 6  64  - c...  
2--1 1 3 3  1 3 3  1 24 5 5 134 1 3 2 120  
L = 3/8 in L == 3/8 in 
7-6 2 3  20 21 1 5  2 2  · 2 3 19 
6-- 5 28 27 22  16 27 24 2 3 
5-4 34 31 30 19 3 5  3 3  29 
4-3 44 46 41 28  44  45  41  
3-2 70 66  6 2  3 5 69  63 6 3  
2-l 1 3 5  130 1 21 62  131  1 27 1 2 2  
97 
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5 6  
1 2  
18 
19 
2 5  
37 
58  
.A.PFEITDIX :F . Falling Ph:re at j_ c  Surfac e El evat ions 
fo r Different Tempe rature s 
98 
Table 7. Fa1li 1e Phreatic Surface Elevations for Differen 'A 
Temperatures 
)6, 25 35 . 30 25  
Dl = D2 : 14 .0  in 
6.40 6, 6n 7, J/J 8.00 
!i., �O 5 ,70 6.fO 7. ']JJ  
3.50 3.70 4.90 5. 50 
2. 30 .?.. 70 3,70 1.-. JO 
l.b'::> 20 10 2.90 3, 1,:J 
1.20 l , ?O  2. 40 2.70 
0,80 1.40 1 .90 2 . 10 
0.10 1 .20 1 . 60  1 . 80  
o.50 o.?o 0 ,90 0.90 
Dl =. D2 = 14.0 1n 
6.70 6. Cv 7. $0 86� 
s.:>o .5� ::0 6. 20 6.90 
4. 20 1 ... JO 5., 30 ,.,90 
J.20 J.50 4. 50 5.00 
2.40 2.70 J. 60  4.10 
1:,0 2.10 2.90 3 • .30 
1 .20 1.60 2.20 2. 50 
0,70 lo1.0 1. 50 1.70 
o.� o.60 o.ro 0.90 
Dl = D2 = 14. 0 in 
6.70 6.80 7. 50 8 .10 
5. 20 5.J..D 6. � 6.90 
/.-. 10 ;._ 30  5. 20 5.90 
.3.,w J. S'J 4. '!/) 5 .00 
2. 50 2�?0 J.70 1.. 0 
1 ,;ro 2. 1 0  2.90 J • .)O 
20 , ,:  ... ., 
ri����� rr�� ��tcr ( t�c�e 3 )  
10 � 0 5 10 
Temperature :: 19.◊  DGgrees Ceot1gr11de 
s , �o 8 .  70 e . 80  9.00 9.00 9 .. 00 s . �o 
7.8:l 8 , 10 S . )J 8.40 8. 50 8.40 S, JO  
5.90 6, .30 6. 50 6,1:JJ 6.70 6.&'J 6. 50 
, .. (;() 4. 90 5,10 5.20 $ • .30 5.20 5 . 10 
3 . ?0 J. 80 4.00 4.10 4.20 4. 2-'.) 4�00 
2.90 .3 .10 J.20 .3 • .30 ) • .30 ) . YJ  .3 .20 
2 , JO 2.40 2 . 50 2. 60 2.60 2 . 50 2 . 50 
1 . 90  2.00 2 .20 2.20 2.20 2.20 2 .20 
1.00 1.10 1 . 10 1.10 ! .• 10 1 . 10 1.00 
Te:i:;,er!.tu.r-e : 20 .C  Dogreea Centi.g2-a.de 
e, 50 8,M 8.90 ? .. 10 9.00 9 .00 8 .. 90 
7.J .J  7. 70 7.90 a.co e.oo 8.00 ?.90 
6. Y.> 6,f,O 6.90 7.00 7.,W ?.O,.') 6 &) 
5. 40 5. 70 5.90 6.oo 6.oo 6.00 5.90 
4. 50 4.80 4 .90 5.00 s.oo .5,0'J 4.90 
J. &J 3.80 3.90 4.00 4.00 4.00 3.90 
2.70 2.90 J.00 �.oo J.oo J.00 2.90 



















1.00 1.10 1 .10 1.10 1.10 1.10 1 .10 . . 1 .00 
Temperature ::: 20.5  Degre6S Centigrade 
s. so e.so 8 .10 9.00 9.00 9 .no 9 .CO 8 .80 
7. P 7. 60 7.90 e.oo s.oo s . oo ?.90 7.70 
6. 3-J 6, 70 6.90 7.C<J 7.00 7.00 6.90 6. 70 
5.40 5 . ?o 5.90 6.cx, 6.00, 6.oo 5.90 5 .70 
, •• 50 4.80 4.90 5.00 5.00 5,0.) 4.90 4.?0 
J . 60 J.80 .3.?0 , •• oo 4...00 4.00 J .90 J,SO 
20 25 )) 35 
S,40 '.$,10 7. 50 6.7() 
7.60 ?. JO 6.70 5.SO 
6.0J 5 .W 5 . 00 1... 00 
4.70 4, .30 3.90 3 .00 
J. 70 .3 .. 1..D .3 .10 2 . )0  
3.00 2.70 2 .40 1 . 80  
2 .J.O 2.l-0 1 .90 1 . 50 
2.00 l, 80 1.10 1 • .30 
1.00 0.90 0 .90 o.so 
8. 50 1..00 7.$!) 6.70 
7. 30 6.90 6�):J 5 . 30 
6. 30  5 .SrJ 5 . 20 4. .:;J 
5.40 5.00 4.4D 3 . 50 
4. 50 4.10 3.70 - 2 .80 
J.f:/) 3 .. .30 2.90 2. 20 
2. 70 2. so 2. 20 1 .70 
1 .so 1.70 J. 50 :.20 
0,90 0.90 o.so 0 , 70  
8 . 50 s . 10 7.50 6.70 
7.'30 6.90 6. ]0 5 . jO 
b.30 5.90 5. JO 4.30 
5.40 5.,00 4.4D 3 . 50  
4�50 4.10 J.6J 2.80 




5 . 50  
3, 50 
2 . 40  




0 . 50 
6. 50 
5,C'N 














Table 7.  ( Continued) 
Dht n o-a  f'rora Cc,nt.  r (I.Ile� s }  
25 J� 30 25 20 15 10 � 0 � 10 15 20 25 JO 35 J?.25 
Dl = D .. = U..O in Telllpcratul"t, = 22. 5 e::-eos Ceotip·a.da 
6.80 6.so 7. 50 8.10 8. 50 s .eo 9 ,00 9 . 00  9 .C() 9 . 00 9,00 8.80 8.50 8.2.0 7.70 6.90 6.'70 
5.00 5 • .:0 6 .,'V 6.90 7.'JC 7. W 7.90 8 .00 s.oo s.oo 7.90 7.70 7 .:/) 6 .90 6. JO 5. ):) 5 .00 
4,.00 4. 'YJ 5 , £0 5.90 6, )0 6, f:J'J 6.90 7. 00 7.00 7.00 6.90 6.70 6 .)0 5.90 5 . )) 4. 'JO  J.90 
3.20 J. 4P 4.40 5 .00 5.40 s:n 5 .90 6.00 6.00 6,00 5.90 5. '70 5 .JJ) 5 .00 4. //J J. $0 j.00 
2.J.O 2. "/0 J.6o 4.10 4. 50 4, so 4&90 5.00 5, 00 5r00 4.90 4.70 4.40 4. 0 3, 70 2.so 2.30 
l.'70 2.10 2.90 J .JO J .6o . J ,80 J.90 4, 00 ,4.00 A.00 3,90 ;j .80 J .50 3. 30 2.90 2 , 20 1 .60 
1.00 1.60 2. 2e 2. 50 2, 70 2 , 90 J.00 ) . OC,  3 .00 J.,00 .J.00 ? �90 2.70 ;;. 50 2 . 20  1 .  70 1 . 20 
o.60 1.10 l . �  1 . 70  1 .80 l ,?O 2.00 ::!,00 2.00 2 00 2.00 1.90 1.80 1.70 1 .60 1 .30 o.so 
o.40 0.70 o.so 0.90 0.90 1.00 1.00 1. 00 1.00 1 .00 1.00 1.00 0 .90 o.90 o.eo 0 . 70  o .� 
Dl :-: D2 = 14.0 in 're�ratur = 25 .. 0 Daf;l"'80R Centigrade 
6.SO 6, 80 ?. 50 8,10 8 . 50 8 , SO 8,90 9a00 9.00 9.00 8,90 8. ?0 8.40 8 ,00 'T , I.O 6 .(i) 6.1,,D 
5. 40 5. 50 6.1.J.1 7.00 7 • .30 7. 70 7 ,90 8.00 E..00 c.oo 7.W 'i". 70 7 . J.) o.,50 6,20 5 , 20 4.W 
J.,. '5:)  4 . r,o 5 .4.C o.oo 6. 30  6.70 6.90 7.00 7.00 ? .00 6.W 6 • .50 6 .. 20 5 .80 � .20 ,.,.20 :;.to 
'J. I..O J.70 4. 50 5. 10 5 .JJJ 5 .70 5 .90 6.00 6.00 6.oo 5.80 5 .60 5 • .30 4.90 4, 1/J J.L,O 2,80 
2.70 2 ,90 J.80 4..20 4. 50 t .• 80 4,90 5.00 5. 00 5 .00 4.90 4. 70 4. 4D 4, 10 J.60 2.80 2 .20 
2.00 2 .20 3. 00  3. JO J.tO J.eo 4.00 4.00 4.00 4. 00 J.90 J.so · J.60 3. JO 2 .90 2 . 20 l . tO 
1 .40 1 .60 2.20 2 . 50 2 .80 2.  '10 J.00 J�OO J,00 J.00 J.00 2.90 2.70 2. 50 2 .20 1. 70 1.00 
CJ. SO 1 . 20  1 . 5() 1 .70 1 .90 2 .00 2 .00 2.00 2.00 2 .00 2.00 1.90 1 . 80 1. ·,o 1 . 50  1 . 30  0.10 
0 .50 o.?O o.80 0.90 1 .00 1 .00 1 .00 1.00 1.00 1 .00 1.00 :i . oo 0.90 0.90 0.80 0.10 0, 50 
DJ. =- D2 = 11. 0 1n Temperatm·e = 28.0  Degrees r ntierade 
6.50 6 .€-/j 7 .llJ 8 .00 8. 40 8.70 B .90 9.00 9.00 9.00 8.90 8 , 80 8. 50 s .20 7.60 6.70 6.(.JJ 
4.80 5.00 6.CO 6.75 7. 30 7.W 7, SO 8.00 s.oo s .oo 7.90 7.70 7 . 40 6.90 6.JO s .:30 5. 00  
J.70 I.. .'YJ 5.00 5 . 'i'O 6. JO l. f:.[) 6, SO 7.CO 7.00 1.CYJ 6.90 6.70 $.JO 5.90 5 . 3() 4.JO 4,00 
2 .70 3.10 4o -Y..1 1.-90 5 . 1,0 5. W 5.90 6,00 6.co 6.oc 5.90 5.  70 5. 50 5 .00 4. 50 J .6-0 J.00 
1.90 2 . �  J.50 4..00 4.W 4.70 4.90 5 .00 5 .cn 5. 00 4.90 4, 80 4. 50 4.2{) 3.  70 2.eo 2 .JO 
1 , 50  1 . 90  2 .eCl J. 30 J . 50 3.eo .3.90 4.00 4.00 4- .00 4. 00  J. P-0 J. 60 J . JO J.00 2. :30 1 . 70 
0.90 1. 50 2 . 20  2 .40 2 .  (--0 2. 80 2.90 :;.oo =3.00 J.00 J.O'.) 2 .90 2. 70 2. 50 2.20 l .  70 1 , 00  
1) , 70  1 . 10 1 . 50  1.60 l . Bo l . 1:io 2 00 2.00 2.0') 2 .00 2 .01 1 .90 l .SO 1 ,70 1 . 55 l. JO 0.10 
o.J.D 0.70 o.so o.a; 0, 90 l.C.-J 1.00 1.00 1 .00 } . (Y)  1 .00 1 .00 0 , 90  C.9  o.eo 0.70 o.so 
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APPENDIX G ,. Falling Phre at i c Surfac e Elevat i ons \rib.en 
Flow i s  From One Out l e t  Only 
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Table 8.  Fe.lling Phreatic Surface Elevations 1Jhen Flo, is From One 
Out.let Only (Dl = 14o 0  in) 
DiatMc:.s frol:l Co.n�r ( I.n chco)  
( <t)  36025  35  JO 25 20  15 10 0 
Dl -:.:: 14.0 1J1 D2 - Dl = O.O in . R = 2.� !....vlnin 
5 10  15 20 25  
S = 14-7.C  in 
JO 35 'J7 25  
o 1,.65 1s.oo 19.J<) 20.10 20 .10 41 .30 21 ,so 22,25 2 2 , t.o 22�90 23, 20 2J. �5 23. Eo  2J. 75 23. s5 24.00 �4.w 
YI 17.t.O 17.l.O 18, "'1) 19 , 50 2':.l ,O'J 20, 50  21,CO 21,I♦-) 21,75 V.,00 �2. ):)  22. 50  22.6� 22.80 22.90 2J,00 ?2J �t'l0 
80 16. SO 16,9'1 13�10 1.8,80 19 �.30 19.75 20.� =:'0, � 5- 2\.1, eo  21 , 10 21 , ).')  21 . 55 21,65 21. GO 2la90 2.2,00 22,00 
130 16,00 J.6, 40 17. 55 18.10 18 .fO 19.00 19 . 40  19. 70 20. 00 20 . 25 20,IJJ Z>.6o 20. 70 .::.'0 .80 .20, 90 21.00 21.00 
189 1�;40 16.00 17,00 l7, 50 17.90 18, .30 18,&) 18 ,$5 19 .10 ·19 , .3C 19 , 50 '1� . 65 l9, 75 . 11, S5 19,95 20,0C 20.�� 
266 l5.20 1 5.60 15. 50 16.90 17,20 17�50 17.75 18,oo 18. 20 18, 40 18 . 50 18 ,W 13. 70  18, oo 13 90 19 . 00 . 19 .00 
J.52 14. 80 15 .40 16. 10 16. 35 16. 60  16.85 17,05 17 .25  17.40 17. 5�  J.7 . 65 17 .75  17, 80 17, 85 17.90 17.?5 18 , 00 
483 lJ... 60 15 .10 15. 55 1;,80 16. 00 16,20 16, JO 16.40 1$, 50 16, 60 16. 70 16 , 80 16 .. 85 16�90 16.95  17,C<.) 17 .. 00 
bS/• 14.40 l.1..0 80 15 ,10 1 5 ,25 15  • .35 15.45 15. 55 15.65 15. "70 15. 75 15 .&J 1 5 . 85 15,90 15 .95 1 6.00 16,CC 16 .00 
818 14. 30 14ol0 14.90 15.00 15.10 15.15 15.20 15.25 15 ,.)'.) 15, 35 15. 40 15.45 15, 50 15, 55 15�cO 15,6o 15. lO 
1063 11,.. .30 JJ. .5(.) 14.60 11.-.65 l/...'70 J.-4.,75 14.88 14.85 11 .... 90 14.95 �-5.,0) 15 .00 15,00 15 .,00 l�.oo 1, .00 15, CO 
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.APPENDIX. H .  Vert i cal Location of the r.1aximu.m Phre2.;t i c  
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Figure 29 . Vertical Location of the 11axi.mum · hr ,atic Surface 
Elevation for Steady State Conditions and Dl = 1 . 0  in 
lOLi 
p 
0 . 18 







0 •. 10 
0 08 .. 
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o ��----�--�----r----r--
0 . 035 
R/K 
0 . 045 0 . 055 o 0 . 015 0 . 025 
Figure 30. Vertical Location of the l'l.aximll1Il Phreatic S face 
Elevation for Steady State Conditions nnd Dl = .3 0 itj 
0 . 16 








Dl = 6 . 0  in 
S = 73 . 5  in 
K = 39 in/min 
D2 - Dl = 
O 7 . o  i..'1. 
<J 5 . 0  in 
C> 3 0 in 
0 2 e 0  in 
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6 0. 5 in 
0 o . o  in 
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0 �¼.L------..:..-----r-------r--------Y------.,.---
0 . 025 0 . 035 
R/K 
0. 055 0 0 . 015  
Figure 31. Vertical Location of the Maximum Phreatic .  Surface 
Ele ation for Steady State Conditions and Dl = 6 .o  in 
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0 . 16 Dl = 9 .0  in 
S = 73 5 in 
K = 39 in/min 
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0 14 <J �.' . 0 in 
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--0 2 , 0  in 
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0 . 12 
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Figure 32 . Vertical I�cution of the �i.a:ximum Phreatic Surface 
Elevation f r  Steady State Conditions and Dl = 9 o 0  in 
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APP�:HDIX I .  Ans�1og D2."awdo 'TL'l o f  the 1faximum 
Phreati c  Surface Elevat i on with Time 
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Figure 33 . Anal g Drawdoi,.m of the }1aximum Phreatic Surface 
Elevation , · · h  Tim, whe 1 Dl ::: 3 . 0 in 
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5 6 7 8 
Figure 34. .Analog Drawdolm of the Maxim.um Phreatic Surface 
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S = 73 . 5  in 
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Q 1 . 0  in 
6 0 . 5 in 
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6 7 8 
Figure 35 . Analog Drawdown of t e Marlmun Phraatic Surface 
Elevation with rr · me when Dl � 9 . 0 in 
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APPENDIX J .  Analog Horizontal Lo cat i on o f  the Maximum 
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D2 - D l  = 
7 . 0  in 
5 . 0  i.n ---
----.:J 
J . O  in 
2 . 0  in 
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___________________ _:l�·�o in --v 
0 5 in 
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Figure 36. Analog Horizo tal Location of the 1-1.arlmum Phreatic­
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D2 - Dl = 
7 .0  in 
5 . 0  in 
-() 
2.0 in 
1 .0  in 
Q 
0. 5 in 
1. 0  
Figure 37 . Analog Horizontal Location of the rucimum Phreo.tic­
Surface Elevation During Drm do m when Dl = 6. 0 in 
0. 14 
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0 . 08 
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o . c6 
0 . 04 
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0 . 5 O 6 o .7  
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Dl = 9 . 0  in 
S = 73. 5 in 
1 1 5 
D2 - D1 = 
e-__________ 5 . 0  in 
-------c 
2 .0  in 
-a 
1 . 0  in 
· 0 . 5 in 
- - - - - - - - - - - - - - - - - - -0 ' 
o . s  0 . 9  1 . 0  
x/s 
Figure 38 . Analog Horizontal Location of the Harl 
Surface Elevation During Dra.wdo ,:n when Dl = 9 .  0 in 
Phreatic 
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APPENDIX K. Di scharge Data  
li.7 
T ime Re qui re d t ,  Colle ci 50 ml of  Oi l ( S e . ands ) 
]2 - Dl Left End Right End Left End Righ� End 
( in )  ( Dl )  ( D2 )  ( Dl )  ( D2 )  
...................... -=-
Dl = 1 .  0 Dl = 3 . 0 
7 . 0 3 2 . 0  60 ., 0 29  2 5 9 . 0 
5 . 0 3 2 . 3  44 . 6  �9  4 43 . 8 
3 . 0 3 5 . 6 42 . 0  31 . 2  36 » 6  
2 . 0  38 . 3 41 . 4  2 9 ., 6  3l c 8  
1 0 41 . 0  43 . 0  31 . 6 30 . 5  
0 ., 5  4-1 :- 5  4,2 . 0  31 . 5 29 . 4  
o . o  42 . 2  43 . 8  33 . 5 29 . 5  
Dl = 6 0 0  Dl = 9 e 0  
7 . 0 2 5 . 3  6 3. 0  2 2 . 1  58 . 8  
5 0 26 .· 3 44 8 22 . 0  42 , 8  
3 . 0 28 . 0  41 . 6 24 2 36 . 1  
2 . 0  3 2 . 2  38 . 2  2 9 . 0  3 5 . 2  
1 . 0 . 3 3 . 5 34 . 0 30 . 0  3 3. 0  
0 . 5 3 5 e 4 3 5 o 4  3 2 . 2  31 & 6  
o . o  39 . 1 33 . 5 3 3 . 6 33 . 4  
